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Contributions to Economic Geology, 1915, 



Part IL— MINERAL FUELS. 



M. R. Campbell and David White, Geologists in Charge. 



INTRODUCTION. 

This volume is the ninth of a series that includes Bulletins 316, 341, 
381, 431, 471, 531, 541, 581, and 621, "Contributions to economic geol- 
ogy (Part II)" for 1906, 1907, 1908, 1909, 1910, 1911, 1912, 1913, and 
1915, respectively. Previous to 1906 the annual "Contributions" 
consisted of one part only and papers on mineral fuels were included 
with the papers on metals and nonmetals except fuels in a single vol- 
ume. These earlier volumes are Bulletins 213, 225, 260, and 285, for 
1902, 1903, 1904, and 1905, respectively. Beginning with the present 
volume the year included in the title will be the year of publication* 
instead of the year in which the field work reported was done. This 
volume is therefore dated 1915, and there will be no volume entitled 
*' Contributions to economic geology, 1914." 

As the subtitle indicates, the papers included are of two classes — 
(1) short papers giving comparatively detailed descriptions of occur- 
rences that have economic interest but are not of sufficient importance 
to warrant a more extended description; (2) preliminary reports on 
economic investigations the results of which are to be published later 
in more detailed form. These papers are such only as have a direct 
economic bearing, all topics of purely scientific interest being excluded. 
Each paper has been issued as an advance chapter as soon as it was 
ready. 

Brief abstracts of the Survey's publications of the year are given 
in the annual report of the Director. The complete list of Survey 
publications affords, by means of finding lists of subjects and of 
authors, further aid in ascertaining the extent of the Survey's work 
in economic geology. 

1 Owing to unexpected delays It has been impoesible to publish all the chapters of the present volume 
within the year 1915. 

vn 
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Parts that may be obtained from a laboratory supply house. 

Two bumere, Barthel's blast lamp. (See deecription below.) Any gasoline torch 
used by plumbers and obtained from or through hardware stores may be substituted 
for this. 

Two iron rings with fastening screws; outside diameter, 4 inches. If base for burner 
as shown in figure 2 is not made, then ring stand with iron base should be ordered to 
hold these rings. These are described in ihe catalogues as ' ^ Supports, iron , rectangular 
base and steel rod; size of base, 6 by 4 inches; length of rod, 18 inches.** 

One air bath or drying oven, single wall, of heavy polished copper, with openings 
for thermometer and ventilation, with shelf, but without iron leg support, 6 by 8 inches. 

One mortar and pestle, porcelain, with lip; shallow form; diameter, 6 centimeters 
(21 inches). 

One brass-wire screen, 10 mesh; 5 inches in diameter, with bottom. 

One thermometer, 105® C. 

One balance (pocket scales; see description below). 

One pair of tweezers for handling weights; furnished with balance. 

One set of weights; German silver, in -box with sliding cover, each weight in sepa- 
rate compartment; 1 milligram to 500 milligrams. 

Twelve glazed crucibles with covers; Royal Berlin porcelain, size 000; or Royal 
Meissen porcelain, size 8. 

One pair black iron crucible tongs, 9 inches long. 

Three camePs-hair brushes, small. 

Six iron pipe-stem triangles, pipe stem covered ; length inside, 2 inches. 

One iron spatula; wood handle; length of blade, 4 inches. 

One dozen round tin boxes; 2\ inches in diameter, 1| inches deep. 

Lead foil, 3 ounces. 

Ordinary Bunsen burners may be substituted for the gasoline burners when a supply 
of illuminating gas is available. In ordering, these may be specified on the list in 
place of the blast lamps: Two Bunsen burners, ordinary type, height about 5) inches; 
12 feet tubing, white, heavy wall, inside diameter one-fourth of an inch. 

List of parts. to be obtained from various sources. 

Two iron bases for burners, as shown in Plate I, with rod support for ring. Can 
be made by blacksmith or machinist. 

One galvanized-iron gasoline can, capacity about 1 gallon; can be made in any 
tin shop. 

One pair nickeled combination pliers, 6^ inches long. Sold by hardware stores. 

One flat file, 4 inches long. 

One box with compartments for holding parts of outfit. To be made by carpenter. 
Necessary only for portable outfit. 

Six inches of fine iron wire. 

Regarding most of the articles named, no comment is necessary 
The legs usually provided with the air bath are not necessary, as 
the bath can be heated on a camp or heating stove or by one of the 
gasoline burners (PI. I). The sample tins are ordinary druggist's 
"salve boxes," the lids of which fit tightly enough to prevent loss 
of moisture, and being smooth and rounded inside, furnish a con- 
venient receptacle for the sample while it is being air-dried. Cor- 
responding numbers are stamped on the lids and bottoms to prevent 
confusion in handling. The crucibles are about 1 inch in diameter 
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at the top and 1 inch deep and are small enough to allow the full 
flame from the burner to envelop them. The crucible is provided 
with a lid, which should be in place at the beginning of the op- 
eration of burning and also while the crucible is cooling. The 
pliers are necessary in handling the gasoline burners. 

The two articles calling for the most care in selection and of which 
there are a variety of types available are the balance and burner. 
The balance, selected after several others, large and small, were 
considered, is described in the trade catalogue as a ''Pocket scale, 
capacity 10 grams, and sensitive to 1 milligram." This balance is 
of the ''take down'' variety and when closed measures 6 by 2 J by IJ 
inches. It is easily sensitive to 5 milligrams and by careful manipu- 
lation can be read to 1 milUgram. As furnished it has one serious 
disadvantage, namely, that the pans are at- 
tached to the beam by cords and can not 
readily be removed. To overcome this de- 
fect supports may be made consisting of a 
German silver wire hooked to the croas beam 
above and attached below to flat folding 
cross pieces bent to fit the pan, on which the 
pan may be placed and from which it can be 
removed at will. One of these supports is 
shown in figure 1. They nest into the case 
with the pans and contribute largely to the 
successful use of the balance. A set of milli- 
gram weights accompanies the balance, but 
they are all in one small compartment and 
are not readily accessible. It is best to keep 
these as a reserve and to add to the outfit 
an additional set of German silver weights 
(500 milUgrams to 1 miUigram) in a small 
box with sliding cover and with a compartment for each weight. 
A slide in the back of the balance case holds the tweezers for han- 
dling the weights. 

Gasoline was selected as a fuel because it is cleaner than kerosene 
and gives a hotter flame than alcohol and can be used in any type 
of gasoline burner. The burner adopted for the field outfit is a spe- 
cial type known as "Barthers automatic blast lamp'' (fig. 2), which 
has several decided advantages over the ordinary horizontal flame 
plumber's torch. It uses gasoline for fuel; it has the Meker bm-ner, 
which gives better combustion and a hotter flame than other burners ; 
it is automatic in that it requires no pumping to keep up the air 
pressure; and in its normal position it gives a vertical flame. This 
burner can be purchased without the cast-iron base and a light 
skeleton base (fig. 2) can be made to support both the burner and 
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balance. 
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the ring stand on which the cmcible is set. This base can be easily 
made by any blacksmith or machinist and is inexpensive. The lamp 
has two bumeiSy so that one operator can almost double the number 
of determinations in a given time. 

OPERATION OF THE BURNER. 

The following instructions for the use of the Barthel blast lamp 
should be carefully followed: In filling close the regulating valve 
(fig. 2), remove the cap to the filling hole, and fill the reservoir with 
gasoline to within about an inch of the top and screw the cap on 
tightly with the pliers. 

In preparing to light set the burner upright and fill the hollow 
around the base of the burner tube with gasoline. A convenient way 
of doing this is to pour the gasoline into the top of the burner tube, 
through which it will flow into the hollow. Light the gasoline in the 
hoUow and protect the flame from drafts. If an excess of gasoline 
is poured, overflowing the hollow, and the burner be enveloped in 
flame, no harm may be expected to result, for if the reservoir is 
overheated, the pressure, if excessive, will open the safety valve 
in the cap on the filling hole. When the valve is thus opened gasoline 
or gasoline vapor is forced out of the small hole in the side of the screw 
cap and, of course, will take fire. By opening wide the r^ulating 
valve and closing the safety valve by tapping on the point in the end 
of the cap proper conditions will be restored. Some who have used 
this burner advise leaving the r^ulating valve slightly open while 
the burner is heating to avoid too high a pressure. When the gasoline 
in the hollow is nearly all burned out open the regulating valve and 
light the escaping vapors at the upper end of the burner. The flame 
when burning properly is blue to almost colorless and can be adjusted 
aa to height by opening or shutting the valve. To extinguish the 
flame close the valve tightly by turning it to the right. If when 
extinguished a small yellow flame appears in the lower part of the 
burner, it should be blown out to prevent carbon from depositing in 
the valve opening, and the handle should then be turned to the left 
about a quarter of a turn, so that when cool the needle valve will not 
be jammed tight. If rehghted without refilling, the valve should 
first be opened to allow the air to enter the reservoir, then closed and 
heated as described above. 

Should the burner not be heated sufficiently at the beginning, it will 
bum improperly, giving an rrr^ular, sputtering, yellow flame. To 
remedy this trouble shut off the burner and heat again with gasoline 
in the hollow cup without waiting for the burner to cool. Irr^ular 
action may be caused by the clogging of the valve opening. To 
remedy this trouble unscrew the burner tube and clean the hole with 
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the cleaning wire that is provided with the outfit. If this does not 
help, unscrew the nozzle of the valve (fig. 2) and replace the fine wire 
gauze. After it has been long used the wick in the reservoir must be 
replaced by imscrewing the cap on the bottom of the reservoir. If 
leakage around the cap over the filling hole can not be stopped by 
tightening the cap, a new washer should be put in. This washer 
should have a hole in the center to allow the safety valve to work. 
Likewise, if there is leakage of vapor around the spindle of the regu- 
lating valve, the stuflBug box should be tightened or repacked. The 
reservoir may be refilled while hot without danger. 

OPERATION OF THE BALANCE. 

In setting up the balance for the first time try different combina- 
tions of hangers and pans to find which pans are in balance; then 
mark, by scratching with a pin or a knife blade, those on the right 
with "R" and those on the left with "L." 

The easiest and quickest way of determining when the pans are in 
balance is to press (PI. II, A), not too quickly, the lever which raises 
the beam and observe the action of the pointer. If the end of the 
pointer holds its position over th© center of the scale, the pans are of 
equal weight. If it moves to one side or the other, the side to which 
it moves is light. If it moves quickly the difference in weight is 
large; if it moves very slowly, the difference is sHght. As soon as the 
way the pointer tends to move is observed the lever should be released, 
weight added or removed, and the operation repeated. This method 
is better and quicker than that of raising the beam and allowing the 
pointer to oscillate back and forth till it comes to rest. It is gener- 
ally more convenient to place the material to be weighed in the right 
pan and the weights in the left pan. When a sample of coal is to be 
weighed put the brass Weight, together with the corresponding lead 
counterpoise (pp. 8-9), in the left pan and the crucible in the right pan. 
Add coal to the crucible in decreasing quantities as the amount 
approaches a gram, holding the spatula with powdered coal on its tip 
in the right hand and tapping it with the index finger so that small 
quantities of the powder may fall into the crucible, using the forefinger 
of the left hand for raising and lowering the balance pans (PL II, ^4). 
After each addition of coal to the crucible raise the beam and observe 
the action of the pointer. In weighing the ash put the crucible in the 
right pan and add weights to the left pan with the counterpoise to 

balance. 

METHOD OF ANALYSIS . 



The sample should first be crushed to half-inch size and then 
reduced by successive quartering and crushing, so that finally not 
more than a quarter of a poimd remains, all of which wiU pass through 
the 10-mesh screen. The sample can be mixed and quartered to 
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advantage on a piece of heavy wrapping paper, or on oilcloth or 
rubber cloth. Three grams of the sample are obtained by taking 
small quantities on the point of the spatula from different places in 
the bottom pan of the screen. This sample is weighed directly on 
the scale pan and from there brushed with a camePs-hair brush into 
the Ud of the sample tin and placed in the air bath for drying. 

Before the coal is burned to ash it should generally be dried, for 
aU coal contains moisture, partly as water adhermg to and wetting the 
particles and partly as water in the coal itself. The amoimt of water 
differs in different coals, Pennsylvania anthracite containing as low 
as 0.6 per cent and some North Dakota lignite containing more than 
40 per cent. The moisture content of specimens of coals that con- 
tain more than a small percentage of water and that have been 
exposed to the atmosphere varies more or less with changes in the 
humidity of the air and with the length of exposure, because a part 
of the moisture is loosely held in the coal and, if the coal is exposed 
in a dry atmosphere, will evaporate. 

The sample should be submitted to a preliminary drying, because 
evaporation may take place rapidly, as, for instance, in a hgnite or 
low-grade subbituminous coal, where loss of water occurs so quickly 
that the smrface of a sample may be seen to crack. 

The effect of varying amounts of moisture in the samples analyzed 
may be illustrated simply as follows: Assume a 100-poimd sample of 
lignite to contain 30 pounds of moisture and 10 pounds of ash. 
Analysis will show, therefore, 10 per cent of ash. If, however, the 
sample is exposed to the air, water will evaporate. If 10 pounds of 
water evaporates, the sample wiU weigh 90 pounds, of which 10 pounds 
are ash. Analysis will now show 11.1 per cent of ash, an increase of 
1.1 per cent. If the sample is analyzed after it has lost 20 pounds 
of moisture, it will be found to contain 12.5 per cent of ash, an increase 
of 2.5 per cent, and if the loss of moisture is 30 pounds, the percentage 
of ash will be 14.2 per cent, an increase of 4.2 per cent. In other 
words, two samples of the same coal will, if one is wetter than the 
other, show on analysis different percentages of ash. If, however, 
the loosely held water in both is driven off under like conditions of 
temperature, the percentage of ash should be the same. 

The obvious method of removing such a source of apparent dis- 
crepancy is, at the beginning, to dry the coal at room temperature 
imtil all the moisture that it will give off at that temperature is 
removed. A sample so treated will undergo the minimum amount of 
change in moisture content thereafter when exposed to the air. For 
this reason the usual laboratory practice is to dry all samples of coal 
under certain fixed conditions before they are analyzed. The stand- 
ard practice at the Pittsburgh laboratory of the United States Bureau 
of Mines is to pass a current of air at a temperature of 35° C. (95° F.) 
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over the coal until it shows no further appreciable loss of moisture. 
This process is called au--drying, and the difference in weight before 
and after drying is called the '^air-drying loss." 

In using the field apparatus it is best to dry the samples at 60° C. 
(140° F.) with the sample on the middle shelf, the bulb of the ther- 
mometer half an inch above the coal, and the door of the oven 
open about an inch. It is of course impossible by a treatment 
lasting but an hour to duphcate results on air-drying loss that are 
obtained in the laboratory under conditions carefully chosen and 
controlled and by drying for long periods.^ Other things being equal, 
the error in percentage of air-drying loss will vary with the amount 
of moisture, being greatest with the highest moisture coals. It will 
not by this method, however, be over 3 or 4 per cent in a sample of 
lignite showing an air-drying loss of 30 or more per cent and as a 
difference of 3 per cent in a sample having 30 per cent air-drying 
loss makes a difference in the percentage of ash of but 0.03 per cent 
if the ash is 5 per cent, or 0.06 per cent if the ash is 10 per cent, it 
is evident that the method is sufficiently accurate for the purpose 
intended. After drying for 1 hour the coal is brushed into the balance 
pan and weighed, the loss in weight being the air-drying loss. An 
example showing the calculation of this in percentage vdll be given 
later. 

The method ordinarily employed in laboratories for determining 
ash in coal is to heat a small weighed portion of the powdered sample 
to a red heat and to allow fresh air to come in contact with the heated 
coal. All water is driven off and the sohd carbon and tarry com- 
pounds are burned, passing off as gases and leaving behind the 
mineral matter or ash, which is composed of siUca, day, iron oxides, 
and sulphates in various proportions. The procedure reconmiendcd 
with the field outfit is as follows: 

The air-dry sample is quickly pulverized very fine with the mortar 
and pestle and 1 gram is weighed out into a crucible. It may not 
always be necessary or even advisable to use 1 gram of coal for 
burning to ash. If the ash is more than 15 per cent the time re- 
quired to burn off completely 1 gram is considerably increased, and 
for this reason one-half gram may be used. It should be borne in 
mind, however, that the smaller the sample used the greater is the 
Uability of error in the final result, and when the smaller amount is 
used extra care should be taken in the weighing of the sample both 
before and after burning. For each crucible in use a counterweight 

1 Mine samples of coal crushed to pass a i-inch screen, and spread out to a depUi not exceeding 1 inch, 
in circulating air at a temperature of 10* C. higher than room temperature will become approximately 
air dry In the following periods of time: Appalachian coals, 8 to 24 hours; Ullnois and similar ooals, 12 to 
48 hours; subbituminous coals and lignites, 48 to 72 hours (Fieldner, A. C.» The sampling and analysis 
of coal: U. S. Bureau of Mines Tech. Paper 76 p. 52, 1014). 
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of lead foil should first be made, so that by having it on the oppo- 
site pan of the balance when the coal and the ash are weighed 
the actual weighing of the crucible is obviated. The counterpoise 
should be within 1 or 2 milligrams of the weight of the crucible, 
and since the latter changes weight with use it is necessary after sev- 
eral days' use to correct the weight of the counterpoise by addition or 
subtraction of lead. After the sample is weighed set the covered cru- 
cible upright in a pipestem triangle oh the ring stand, adjusting the 
opening in the triangle by bending the wires so that about two-thirds 
of the crucible projects below. Adjust the regulating valve of the 
burner imtil the flame of the blast lamp is about 3 inches long, and 
arrange it so that the top of the flame just touches the bottom of 
the crucible on one side. Increase the heat gradually by turning 
the regulating valve to the left so that after 10 minutes the bottom 
of the crucible is red hot. Ordinarily by this time all moisture and 
tar are driven off, a portion of the tar having condensed on the upper 
part of the crucible and on the under side of the Ud, and no fumes 
or smoke can be observed coming off. Lignite and subbitmninous 
coal (black lignite), being high in moisture, are apt to sputter when 
first heated. By heating slowly at first, as described above, with 
the flame directed well up against the side of the crucible this ten- 
dency is reduced and the cover prevents loss if the sputtering is 
slight. At the first evidence of this tendency the heat should be 
reduced by turning down the flame of the burner. If, however, 
the sputtering takes place with sufficieat violence to bounce the lid 
and throw out powdered coal, which will be shown by sparks appear- 
ing in the flame outside the crucible, the test is probably spoiled and 
should be repeated. 

As soon as all moisture and tar are driven off, remove the cover, 
tilt the crucible to about 45® on the triangle (PI. I), and apply the 
full blast, arranging it so that Uttle or no flame is in front of the 
crucible to interfere with the free access of air to the coal. As 
burning proceeds the coal will glow and at times a small flame may 
be seen playing round inside the crucible. A cover of ash soon 
forms on top of the mass and checks the speed of burning, so that 
by stirring every few moments with a fine iron wire, taking care 
each time to tap the wire before removing it to dislodge adhering 
ash and coal, the operation is expedited. The crucible should be 
turned around as the burning proceeds until all the black coating 
of tar on the inside, formed in the earUer part of the operation, is 
burned off and the heating and stirring should be continued until 
the residue no longer glows but appears ''dead" as contrasted 
with the hot pulverized coal, which when stirred appears to flow 
like water or quicksilver. 

98867*'— Bull. 621—16 2 
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The burning of a l-gram sample to ash should be completed in 
about 30 minutes, after which the crucible should be removed from 
the flame, covered, and allowed to cool. A convenient holder for 
the hot crucible is made by bending down the wires of a pipestem 
triangle (PI. I) to form legs. When cool enough to handle, tlio 
ash may be examined to see whether it contains any unbumed 
black particles. If completely burned it will show no such particles, 
and its color will be either grayish white or, if it contains much 
iron, pink or red. The crucible containing the ash is placed on 
one pan of the balance and the lead counterpoise for that crucible 
on the other, with sufEcient weights to balance the ash. Calculations 
of the result in percentage will be given later. 

Until the operator has had considerable experience in making 
tests there is always the possibiUty of mixing the crucibles, their 
counterpoises, and the sample tins, so that in the end there may 
be uncertainty as to what sample is represented by the test, or 
whether the proper counterpoise has been used. To avoid this it is 
advisable to mark the crucibles and counterpoises with numbers 
corresponding to those on the sample tins. A number may be 
marked on the lead with a hard pencil or written in ink, and may 
be written on the bottom of the crucible with a piece of red ocher 
(hematite) ; or notches may be filed on the upper edge of the crucible 
with the comer of a file. These notches should of course be made 
before the lead counterpoise is made. With experience it will be 
found that if the same order and arrangement is always followed, 
numbering will cease to be necessary and there will be no danger 
of confusing the samples and crucibles, 

EXPLANATION OF WEIGHTS AND CAIiCULATION OF 

RESULTS. 

The brass weights in the case range from 1 gram to 10 grams, 
and are stamped with figures representing the number of grams. 
The German silver weights range from 0.001 to 0.6 gram and are 
stamped with the number of milligrams. The equivalents of milli- 
grams in fractions of a gram are shown below. 



Number of 


Fnictlaii of 




a gram. 


500 


0.5 


200 


.2 


100 


.1 


50 


.05 


20 


.02 


10 


.01 


5 


.005 


2 


.002 


1 


.001 
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That is, 1,000 miUigrams equal 1 gram and 10 milligrams equal 
0.01 (one one-hundredth) gram. Therefore, if the ash from 1 gram 
of coal weighs 10 milligrams the coal is one one-hundredth (0.01) or 
1 per cent ash. 

Example: Three grams of coal are taken, which after drying 
require 2 grams and 310 milhgrams (2.31 grams) to balance. What 
is the air-drying loss? 

Grams. 

Original weight 3. 00 

Weight after drying 2. 31 

Lo6B of weight 69 

As 0.69 represents the loss for 3 grams, the loss for one gram is 0.69 
divided by 3; that is, 0.23 grams ==230 milligrams. Each 10 milli- 
grams corresponds to 1 per cent; 2304-10 = 23; the air-drying loss is 
23 per cent. The same result is obtained by the famiUar method of 
calcidating percentiles. Three grams of sample contains 0.69 grams 
of moisture. 

Per cent of moisture 0.69 ^ , 100X0.69 ^ 
Jqq = -Q- . Per cent of moifltiire= « = 23 

If 1 gram of this dried coal, after burning, leaves 120 milligrams 
(0.120 grains) of ash, the percentage of ash is (120-^10) 12, as each 
10 milligrams of ash represents 1 per cent of the original gram. 
Calculated by method of percentage the result is: 

_ ^ . , 100X.120 12.00 __ 
Per cent of ash OO^^'TOO =^2 

Should one-half gram of coal be taken, the ash of the coal last con- 
sidered will weigh 60 milligrams (0.060 grams) and as with one-half 
gram sample each 5 milligrams of ash corresponds to 1 per cent, the 
result is 60^-5, or 12 per cent ash. Calculated by percentage, the 
result is: 

Per cent of a8h= ^ =-^-=12 

In order to give the reader an idea of the relative accuracy of an 
analysis made with the field outfit as compared with that made in 
the laboratory the results of tests made by the writer and others on 
duplicate samples analyzed by the Pittsburgh Laboratory of the 
Bureau of Mines are given in the following table: 
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Camparuon of remits of analyses of samples of coals by laboratory of Bureau of Mines and 

by (Geological Survey* s field apparatus. 



1 
2 
3 

4 

5 



Kind of omU. 



Lignite 

Bituminous. 

do 

do 

....do 



Bureau 
of Mines 
labora- 
tory 
No. 



a 14729 

617707 

617705 

20168 

20170 



Peroentaffe of ash 
in air-dry coal. 



Biireau 
of Mines. 



12 

1ft. 2 
25^6 
17.06 
20.9 



Field 
outfit. 



13 
16 
25 

17.8 
21 



a U. 8. Bureau of Mines Bull. 85, p. 60, 1914. 
b U. 8. Qeol. Survey Bull. 641, p. 412, 1014. 



Field analyses 1, 2, and 3 were made by the writer in camp at 
30 to 40 miles from a railroad, analysis 1 in North Dakota, under 
adverse conditions because of high winds. Tests of the apparatus 
have been made by many members of the Geological Survey on coal 
of aU grades, from Rhode Island anthracite to brown lignite. 



THE HEALDTON OIL FIELD, CARTER COUNTY, OKLAHOMA. 



By Carboll H. Wegehaxn and Kexneth C. Heald. 



INTRODUCTION. 

The first weU in the Healdton field, the greatest oil field yet discov- 
ered in the ''Red Beds" area of Oklahoma^ was drilled by the Red 
River CHI Co. (now the Dundee Oil Co.) in August, 1913, on the farm 
of Wirt Franklin, m the NE. i sec. 8, T. 4 S., R. 3 W. This well is on 
the southwest side of the pool, and probably had it been drilled a 
quarter of a mile farther southwest it would have missed the pool 
entirely. The initial production was not large, being estimated at 
about 25 barrels a day, but the news of the finding of oil in this area 
created great excitement. Crowds from Ardmore, 20 miles east of 
the field, and from Waurika, 25 miles west, as well as from the sur- 
rounding country, watched with keen interest the drilling of the second 
well by the Red River Co., half a mile northwest of No. 1, on land 
belonging to Mary McQure. This well came in at 300 barrels a day, 
and during the year after its completion the development of the field 
was extremely rapid. Some of the later wells were reported to have 
initial productions of 4,000 to 5,000 barrels a day. A branch railroad 
was built from Ardmore to the new towns of Wilson and Ringling, 
situated respectively southeast and south of the field, and a settle- 
ment of hastily constructed shacks and tents known as Ragtown grew 
up in the field itself. 

The Magnolia Pipe Line Co. extended a branch from Bowie, Tex., 
to the Healdton field by way of Waurika, but the output of the field 
was so great that the line was unable to handle aU of it, and operators 
placed their oil in earthen reservoirs and steel storage tanks. During 
a thunder storm in the sununer of 1914 several of the tanks were 
struck by lightning and a great quantity of oil was destroyed by fire. 
Oil in earthen reservoirs deteriorated, losing by evaporation its gaso- 
line and other volatile constituents, and great quantities of crude oil 
were lost by the washing away of the dikes which formed the reser- 
voirs. The entire losses in the field were enormous, and the depression 
in the oil" market in the autumn of 1914 tended to retard drilling, 
which has not yet (March, 1915) been actively resumed. 

In October and November, 1914, a field party of the United States 
Geological Survey made an accurate survey of the Healdton pool, and 
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1 

through the courtesy of operators the logs of practically all the w 

(about 275) were obtained. 

With more than the usual amount of data at hand, it has b 

possible to contour in great detail the surface of one of the oil sa 

of the field and thxis to determine precisely the nature of the struct 

on which the accumulation of the oil depends. The structure is m 

more irr^ular than is generally conceived, and its irr^ularities, wl 

are described in this report, probably control the distribution of 

and have much to do with the variations in production of oil 

adjacent wells. 

LOCATION OF THE FIELI>. 

The Healdton field (PL III) lies on the west border of Carter Cou 
about 25 miles north of Red River, which forms the south bou 
ary of the State of Oklahoma. The field may be reached fr 
Waurika, about 25 miles west and a little south of it, on the Chic 
Rock Island & Pacific Railway, or from Ardmore, which lies 20 
to the east of the field, on the Atchison, Topeka & Santa Fe Rail 
From Ardmore a branch railroad runs to Ringling, 5 miles sout 
the field. 

About 12 miles northeast of the Healdton field is the ,west en* 
the Arbuckle Mountains, and midway between the mountains and 
field is the small Wheeler oil field, opened in 1904. Some 10 
northwest of the Healdton field are the gas wells near Loco, the 
of which was drilled about six months before the Healdton field 
discovered. (See fig. 3.) 

TOPOGRAPHY AND DRAINAGE. 

The Healdton field is on the boundary between the belt of san 
timbered country that borders the Arbuckle Mountains in this regi 
and the rolling plains that lie in Oklahoma southwest of the moi 
tains. The rehef is not more than 150 feet over the entire field, a 
rock outcrops are very few. 

The area is drained by comparatively small southward-flo 

branches of Red River, which have cut their channels but- lit 

below the comparatively level surface of the region. The drain 

net is simple. 

STRATIGRAPHY. 

The surface rocks in the Healdton field consist of alternating bt 
of red and gray shale, brown, white, and red sandstone, and thin b< 
of conglomerate the pebbles of which are principally quartz. Thi 
belong to the series of strata known as the ''Red Beds" and are 
Permian age. The precise nature of the conditions under which 
Permian beds were formed is not clear. To the south, in Texas, th^ 
were put down, in part at least, in an ocean, as is shown by tl 
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presence of limestones which bear marine shells; but farther north, 
in the area mider discussion, which lay nearer to the old shore line, 
the conditions of sedimentation appear to have been rather fluviatile 
or estuarine. The beds are at least in part of fresh-water origin. 
The bones of animals that were probably land forms are found 
among them, and plant remains occur at certain localities. 

Some of the sandstone beds are very irregular in thickness and are 
replaced laterally by shale, but others, such as the sandstone that 
forms the escarpment in the Dimcan gas field, 20 miles north of Heald- 
ton, can be traced for 50 to 75 miles, showing that they must have 
been put down under conditions which allowed considerable regu- 
larity of deposition. However, although certain groups of sandy 
beds persist over great areas, the individual beds of sandstone that 
compose the groups are in themselves irregular. The broad extent 
of such deposits does not preclude the possibility of their deposition 
by rivers. 

The origin of the red color of certain of the Permian beds is a 
question that has been much discussed. It seems probable that the 
red color of the beds does not necessarily imply aridity of climate 
during their deposition. That the beds were red when originally 
deposited is presumably to be conceded, although it must be admitted 
that in certain beds the red color has been changed to blue or bluish 
gray, and vice versa. At the present day red soils are formed as a 
nde in warm, moist climates, where vegetation is abundant and 
surface weathering deep, and it seems reasonable to suppose that 
similar conditions of climate and weathering prevailed at the time 
of the formation of the ''Red Beds," at least in the region from which 
the sediments were derived. If, however, vegetation had been 
abimdant in the waters in which the red sediments were deposited, 
it is probable that the carbonaceous matter would have acted as a 
deoxidizing agent, changing the color of the sediments with which it 
was mingled from red to blue. The whole problem of the deposition 
of the "Red Beds" is not well understood. 

The red color of the Permian extends to depths of 200 to 300 feet 
below the surface on the Healdton dome, but, as is abundantly proved 
by the logs of the wells, the lower limit of the red color is by no means 
at a constant horizon. Shale beds which are in one well blue are in 
another red, and vice versa, the color changing from place to place. 

How many feet of Permian beds have been removed by erosion 
from this area can only be surmised. In the present work the general 
relations of the strata at Healdton and those in the Loco, Duncan, 
and Lawton fields have been determined with a fair degree of certainty, 
and if, as stated by Taff ,^ the highest peaks of the Wichita Mountains 

1 Ts^, J. A., Preliminary report on the geology of the Arbuckle and Wichita mountains, in Indian Terri- 
tory and Oklahoma: U. S. Geol. Survey Prof. Paper 31, pp. 74-75, 1904. 
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were in all probability never covered by the Permian sea, there must 
have been less than 1,500 feet of Permian beds removed by erosion 
in the Lawton area. The rocks at the sm*f ace in the productive area 
at Lawton are probably about 500 feet stratigraphiciJly above those 
at the surface in the Healdton field. It may be inferred, therefore, 
that from 1,500 to 2,000 feet of Permian beds have been removed by 
erosion from the central part of the Healdton dome, and as the plain 
on the crest of the Arbuckle Mountains, which was formed in pre- 
Cretaceous time, is only 400 feet higher than the surface at Healdton, it 
is evident that the greater part of the erosion of the Permian was 
accomplished prior to the Cretaceous period. As is shown in what 
follows, the Permian probably extends to a depth of 800 or 900 feet 
below the surface in the Healdton field, so that the thickness of the 
formation as originally deposited was probably about 2,500 feet. 

As exposed along the Arbuckle Mountains, the contact of the 
Permian with the underlying beds is unconformable, the flat-lying 
Permian strata overlapping the edges of the steeply dipping Ordovi- 
cian, Devonian, and Carboniferous rocks.* 

Similar unconformable relations prevail along the Wichita Moim- 
tains, and there is evidence that the older rocks were rather deeply 
trenched by erosion before the Permian was deposited over them. 
The unconformity appears to be comparatively local in extent and 
to owe its origin to the Wichita- Arbuckle uplift, inasmuch as it does 
not appear in Clay County, Tex., where the contact of the Permian 
and the underlying Pennsylvanian is exposed. In the Texas region 
the Cisco, which is the uppermost formation of the Pennsylvanian, is, 
as far as appearances go, conformable with the Wichita, the lowest 
formation of the Permian, and it is, in fact, difficult to recognize the 
boundary between the two formations.* In the region between Clay 
County and the Wichita-Arbuckle uplift the base of the Permian is 
nowhere exposed. 

In the Healdton field, which is about 12 miles distant from the 
Arbuckle Mountains, the well logs afford considerable evidence that 
the unconformity so conspicuous along the moimtains is present. 
Limestone is practically absent from the first 800 or 900 feet of 
strata below the surface, but at greater depth in certain wells thick 
beds of limestone are encountered. (See PI. IV.) The sandstone 
beds in the non limestone-bearing series can be correlated from well 
to well throughout the field by making due allowance for errors in 
recording the strata passed through in drilling. No break or uncon- 
formity in the series is apparent. Where, however, thick beds of 
limestone are encountered they appear to be at different horizons in 
different wells and bear no definite relation to the sandstone beds, 

» Tail, J. A., op. cit., p. 72. 

> Gordon, C. H., Geology and underground waters of the Wichita regionj north-central Texas: U. S. Qeol. 
Soryey Water-Sapply Paper 317, p. 10, 1013. 
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as if separated from them by unconformity. Under these conditions 
it appears reasonable to assume that the shale and sandstone beds, 
predominantly red near the surface and gray or blue at depth, are 
of one age, the Permian, and that the thick limestone beds below, 
which alternate with light or dark gray shales and which seem to be 
separated from the overlying series by an unconformity, are older 
and presumably of Pennsylvanian age. The principal oil and gaa 
bearing beds are, according to the above classification, near the base 
of the Permian. 

A tentative correlation between the strata of the Healdton and 
Loco fields seems to show that the gas-bearing sands at Loco are 
several hundred feet stratigraphically above the oil sands at Heald- 
ton. The facts on which this correlation is based are as follows: 
A little east of the center of sec. 21, T. 4 S., R. 3 W., is an outcrop 
of asphaltic sandstone similar in character to a rock which is exposed 
at numerous places in the Loco field, particularly in sec. 25, T. 3 S., 
R. 5 W., where it was at one time mined. The probable equivalent 
of the sandstone in sec. 25 is encountered at a depth of 40 feet in 
well No. 4 of the Oklahoma Diamond Oil & Gas Co., drilled in the 
SE. J sec. 10, T. 3 S., R. 5 W. A comparison of the log of this well 
with that of well No. 1, drilled by the Red River Oil Co. on the 
Clydie Ingram farm, a little over half a mile west of the outcrop of 
asphaltic sandstone in sec. 21, T. 4 S., R. 3 W., shows considerable 
similarity, and it therefore appears possible that the asphaltic sand- 
stone in sec. 21, T. 4 S., R. 3 W., represents the same bed that 
is exposed in the Loco field. This sandstone seems to have been 
encountered at a depth of 12 feet in the Clydie Ingram well. 

The Clydie Ingram well is a dry hole, almost 2 miles southwest of 
the productive area at Healdton, and it is impossible to make accu- 
rate correlations between it and the Healdton wells. It seems prob- 
able, however, from a comparison of the logs, the known dip of the 
rocks from the Healdton dome toward the well in sec. 21 being taken 
into accoimt, that the probable equivalent of one of the gas-bearing 
strata in the Loco field which was encountered in the Ingram weU at 
670 feet lies within 100 or 200 feet of the surface on the crest of the 
Healdton fold. 

A general correlation of the beds exposed in the Healdton field 
with those appearing at the surface near Loco and also in the Dim- 
can and Lawton fields may be made on the basis of a series of sand- 
stones that constitute the surface rocks in the sandy wooded area 
northeast of the Healdton field. The same beds are found south- 
west of the field, where also they are timber covered. They appear 
to be the same as the sandstone beds that constitute the surface 
rocks from Loco north to the grahamite mines in sec. 6, T. 2 S., 
R. 4 W., and form the timbered ridge which runs from the vicinity of 
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the grahamite mines northwestward to a point 4 miles southeast 
of the Duncan gas wells. It appears probable that the sandstone 
hills that lie just east of the Lawton oil and gas field are formed by 
this same sandstone, inasmuch as the next higher ridge-forming sand- 
stone in the Lawton region is the same as the sandstone which forms 
the escarpment or nm rock of the Duncan gas field and which is 
the first prominent bed above the timbered sandstone series of the 
grahamite mines. 

Except for a few plant remains the Permian beds in the Heald- 
ton field are unfossiUferous. Two small collections of leaves were 
obtained. They have been examined by David White, and his 
descriptions are given below. 

SE. J 8W. J sec. 4, T. 4 S., B. 3 W. Surface fragment of ferruginous sandstone con- 
taining plant remains. The fragment is filled with miscellaneous drifted and water- 
worn plant vestiges, many of which are small fragments belonging perhaps to the 
genus Walchia. Obscure remains of seeds are also present. This rock does not 
appear to contain conclusive evidence as to its age, though it is probably Paleozoic. 

A number of small fragments obtained by breaking up a piece of reddish sandstone, 
rather coarse grained, contain drifted and somewhat waterwom bits of vegetation. 
The plant debris consists of very small pieces and is mostly so macerated or abraded 
as to render specific identification impossible. 

The material includes fragments of a lobed pinnule which, from its form and ner- 
vation, probably belongs to Callipteris, a distinctly Permian genus. Several frag- 
ments of gymnospermous twigs apparently represent a species of Walchia, nearly 
related to if not identical with Walchia gracilis Daws. A very small femlike frag- 
ment, with decurrent lamina, may be either Callipteris or Pecopteris. A peculiar 
fragment of a scale probably belongs to a fructification found in the Permian of the 
Southwest. It is very closely related to Noeggerathia. Two specimens containing 
portions of neuropteroid pinnules are comparable to Neiuropteris gldchenioides. Por- 
tions of two seeds are recognized, one of them being probably referable to the genus 
Cardiocarpon. 

There is scarcely room for doubt as to the Paleozoic age of the sandstone which con- 
tains this material, and, notwithstanding the extremely fragmentary character of 
the debris and the very small number of specimens, I do not hesitate to regard the 
beds as Paleozoic. The specific evidence indicates that the sandstone is probably 
Permian. 

Two other fragments of sandstone accompany the collection just described. The 
larger fragment is strewn with comminuted plant debris, none of which is generically 
determinable, although it is probable that a number of megaspores are present. The 
email fragment contains a seed of the type referred to the gonus Walchia. This seed 
is evidence of the Permian or latest Pennsylvanian age of the bed from which the 
specimens were obtained. 

Fragments of sandstone the grains of which are cemented with 
chalcedony were seen at several places on the northwest flank of 
the Healdton dome. This sandstone resembles in every respect 
certain beds that are fomid in the Trinity sand, of Cretaceous 
age, where that formation is exposed along Red River, about 30 
niiles south of the Healdton field. Nowhere in Healdton was this 
sandstone noted in place, but about halfway between Hewitt and 
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Ardmore numerous blocks of it were found on a wooded knoll just 
north of the road. The blocks are only 4 or 5 inches in thickness and 
appear to be practically in place. The underlying shale is oxidized 
for a depth of about 2 feet, being rusty brown in color. It is possible 
that this sandstone is in reality oif Cretaceous age and is the last 
remnant of a comparatively thin sheet of Cretaceous beds which 
were at one time spread over this coimtry. 

It is beUeved that prior to the deposition of the Cretaceous strata 
the land areas were reduced by erosion almost to a plain, which is 
now represented by the flat surface forming the crest of the Arbuckle 
Moimtains. The sandstone outcrop on the Hewitt-Ardmore road, 
above mentioned, is about 200 feet below this plain on the Arbuckle 
Moimtains, so that if these beds are in reaUty Cretaceous the plain 
must have been somewhat irregular in order to allow their deposi- 
tion at a level considerably lower than that of the moimtain area. 
The supposition that the beds are Cretaceous is supported only 
by lithologic similarity, which, however, in a rock of so peculiar a 
character should have considerable weight. 

GEOIiOGIC HISTORY. 

As is evident from the nature of the Paleozoic rocks exposed in 
the Arbuckle Mountain uplift, conditions of sedimentation were 
almost continuous from the Cambrian to the close of the Missis- 
sippian. Shght oscillations of the sea floor probably took place, 
but were not of sufficient magnitude to produce any pronounced 
imconformity. At the close of Mississippian time an uplift of the 
mountain mass now represented by the Arbuckle Mountains occurred 
and a great lens of conglomerate of Pennsylvanian age, known as 
the Franks conglomerate, was laid down. Marine conditions were 
reestablished and continued during Pennsylvanian time, at the 
close of which the mountains were again upUfted and their surface 
was eroded into deep valleys. Once more the land subsided and 
was submerged, and the Permian deposits were laid down on this 
irregular surface. 

At the close of the Permian epoch the whole region was uplifted 
with comparatively httle folding, and apparently it remained a 
land area through Triassic and Jurassic time, the surface being 
reduced by erosion to a low-lying, comparatively level plain in 
which hard and soft rocks alike were removed and brought to one 
general level. At the beginning of the Cretaceous period this broad 
flat plain was tilted toward the southeast and the Cretaceous sea 
advanced upon it, spreading its deposits of sand, shale, and lime- 
stone over what had formerly been land. As the southeastern part 
of the plain subsided the northwestern part of it rose, and when 
conditions of stabihty were restored and erosion continued to act 
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upon that part of the surface which remained above the ocean^ the 
softer rocks of the ancient plain were reduced to lower levels, leaving 
the harder rocks, such as those that form the Arbuckle uplift, rising 
above the newly formed surface and preserving in their flat sum- 
mits the former base-level. Erosion continued until a new plain 
was formed, and this plain is the notable feature of the present 
physiography of the greater part of Oklahoma. Over the surface 
of this plain rivers deposited thin sheets of gravel, and it is stated 
by Taff * that these gravel deposits, which Ue in terraces along the 
courses of the present rivers, may be traced southeastward into the 
Tertiary area, where they merge with the Tertiary gravels of the 
Coastal Plain, showing that the gravel deposits and the ancient plain 
on which they were formed are probably of Tertiary age. The corre- 
lation of the gravel deposit of the plain with those of the coastal 
sediments may, however, be open to question, and the formation 
of the plain may be more recent than Tertiary. Since the forma- 
tion of this plain a sUght uplift of the region has occurred, and now 
the rivers are once more cutting their valleys below the plain which 
they formerly made. This cycle of erosion has not progressed far, 
and the new base-level that is slowly being formed is represented 
only by the flood plains of the larger streams. 

INFORMATION AFFORDED BY WELIi IiOGS AND 

METHODS OF FIELD WORK. 

In an oil field like that of Healdton, in which exposures of rock 
are very few, the outline of the structure must be determined in 
large measure from the data afforded by the logs of the weUs drilled 
in the field. A clear appreciation of the nature of the data afforded 
by well logs is necessary in order to imderstand the degree of accu- 
racy of the statements which follow and of the structure as outlined 
on the accompanying map. 

In deep weUs depths as usually measured are, because of the 
stretching of the drilling cable, accurate only within 5 or 6 feet. 
The change from shale to sandstone is not necessarily abrupt, and 
the sandstone may not be recognized until it has been, penetrated 
for several feet. Very fine grained sandstone is easily mistaken for 
shale by one who is not accustomed to distinguish between the 
two, and certain drillers habitually call fine-grained sandstone shale 
or slate. Hard sandstone may be referred to as ^^Ume," and lime- 
stone, if it is oil bearing, is sometimes mistaken for sandstone. Al- 
ternating beds of sandstone and shale may be regarded as imbroken 
sandstone. Certain drillers note only those sandstones that carry 
water, oil, or gas, and, as a consequence, the thicknesses of sand- 
stone beds are often imdercstimated. In these circim[istances 

^ Taff, J. A., op. cit., p. 17. 
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accurate correlations between the strata recorded in the logs ^ 
adjacent wells are difficult, and sometimes impossible, but by 
careful comparison of all the logs available in a given field, it i 
usually possible to determine what beds are continuous over th 
area and to decide which of the records are inaccurate. Wbei 
exact correlation between wells is impossible, the geologist mus 
rely on his judgment in representing the form of structure that i 
most likely to exist, and his results are of course subject to error. 
In the field work the locations and elevations of all weUs in th 
field were determined by means of a plane table and tdescopi 
alidade. 

INTERPRETATION OF STRUCTURE CONTOURS, 

The structure contours given on Plate III are drawn on the sur 
face of the first main oil sand below the gas sand (B, PI. IV) nm 
represent the shape of the folded surface of that bed (see also PL V) 
Every point along any one Uno is at the same elevation above o 
below sea level, the lines being drawn at intervals of 20 feet. T( 
one unfamiUar with the interpretation of contours the foUowinj 
somewhat fanciful conception may be of assistance: 

Were it possible to remove all the overlying strata and to wall 
about on the surface of the oil sand, the course followed bv one wh( 
endeavored to walk always at an elevation of 200 feet above the scji^ 
never stepping up or down, would be that indicated by the 200-foot 
contour on the map. When the pedestrian came to a knoll or juttinj 
point, he would be compelled, if he did not wish to ascend, to wall 
around its side. When he crossed the valley which lay between thii 
knoll and the next he would bo compelled, if ho did not wish to do 
scend, to walk up the valley to a point where its floor was level will 
that of the hillside which he had just left. In other words, his course 
were it represented by a line, would outline the form of the hills anc 
valleys, or their contour. 

A series of contour lines drawn at regular intervals above sei 
level reveals very clearly, to one accustomed to reading contours 
the form of the surface which they represent. On the map (PL IIF 
the surface indicated bj^ the contour lines is that of oil sand B ol 
the columnar sections. To calculate the approximate depth to this 
sand at any point in the field it is only necessary to obtain the eleva- 
tion above sea level of the land surface at that point and to subtract 
from it the elevation of sand B at the same point as shown on the 

map. 

STRUCTURE. 

The accumulation of oil at Plealdton is situated on an irregulai 
structural dome or antichne about 4^ mila^ in length by 2 miles ir 
breadth, the long axis trending N. 62° W. (See Pis. Ill and VJ 
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The presence of the dome is not indicated by the topography. Super- 
imposed on the fold are twelve or thirteen minor folds, the long 
axes of which appear to trend in general at right angles to the trend 
of the major fold. In the east half of the dome there are among the 
minor folds at least two oval depressions, which may be considered 
to be the reverse of the minor dome structures. 

The extreme diflFerence of elevation in the main dome, indicated 
by the altitude of the oil sands on its flanks and on the highest of 
the minor domes, amounts to about 400 feet, but the height of the 
entire dome, coxdd it be measured at a greater distance from its cen- 
tral part, is probably considerably more than this. The amount of 
dip in different parts of the field varies greatly, ranging from 100 to 
400 feet in a mile. 

Near the comer of sees. 4, 5, 8, and 9, T. 4 S., R. 3 W., a fault trend- 
ing in general parallel to the long axis of the major dome appears to 
be present. Its downthrow is to the north. It is possible that this 
structure may be an abrupt fold rather than a fault, but from the 
relations of the strata recorded in wells on both sides of it, as well 
as from the presence of the dry hole in the SE. J SW. J SE. \ sec. 5, 
the presence of a true fault is regarded as very probable. The abrupt 
fold shown in the south-central part of sec. 32 may be a fault rather 
than a fold and this probabiUty is strengthened by the presence of 
two dry holes in the NW. { NE. \ sec. 5. 

As has already been stated, the Healdton pool Ues about 12 miles 
southwest of the west end of the Arbuckle Mountain uplift. At a 
distance of 65 miles N. 72° W. from the Arbuckle Mountains lies 
the Wichita Mountain uplift, which is behoved to be of the same age. 
Between these two uplifts the Permian beds are bent into a broad, 
low arch which is outhned on its north side by an escarpment of 
sandstone. This escarpment may be traced from a point north of 
Foster post office, which is northwest of the Arbuckle Mountains, 
to the Duncan gas field, thence north of the town of Duncan in a 
northwesterly direction to the north flank of the Wichita Mountains. 
The position of the south limb of the low arch between the two 
mountain uplifts has never been determined, as the rock exposures 
in the broad plains of this region are very few. 

About 10 miles northwest of the Healdton dome is the Loco gas 
field, and 15 miles north and a httle west of Loco is the gas field known 
as the Duncan field, which Ues 10 miles northeast of the town of 
Duncan. (See fig. 3.) The three fields he along a curve which 
appears to encircle the west end of the Arbuckle Mountains, forming, 
so to speak, a cross fold to the low arch which lies between the 
Arbuckle and Wichita uphfts. It is not meant to imply that the 
Healdton, Loco, and Duncan fields are situated on one long anticUne. 
They are in fact three separate domes, but they he in such a rela- 
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tion to one another as to suggest that they are more intimately con- 
nected in origin with the Arbuckle uplift than with the Wichita. 
The Duncan field lies north of the low arch between the two moun- 
tain uplifts, and the Loco and Healdton fields lie south of it. 

Midway between the Healdton field and the Arbuckle Mountains is 
the dome or anticline on which is situated the Wheeler oil field, the 
axis of which appears to parallel that of the Healdton dome.^ About 
30 miles west and 8 miles south of the Healdton dome is an anticline 
exposed in the east bank of Red River, about 6 miles southwest of 
Waurika.* This structure is in alignment with the Devol anticline 
mapped and described by Munn ' in the Grandfield district, farther 
west. The axis of this fold Ues about 30 miles south of the Wichita 
Mountains and is in general parallel to the axis of that uplift. South 
of the line of the Devol anticline and fhe anticline which lies south- 
west of Waurika are the Burkbumett and PetroUa oil and gas fields, 
which are situated on domal or anticlinal structures. 

It is apparent, therefore, on considering the structure of this 
general region as a whole, that the Permian beds have been thrown 
into a series of waves or imdulations such as might have been caused 
by stresses acting between the rigid mass of the Arbuckle and Wichita 
mountains and the strata of the plains region. That subsequent 
stresses have acted in directions oblique or at right angles to those 
which produced the major folds is indicated by the relations of the 
axes of minor domes, such as those which occur in the Healdton field, 
to the axes of the larger structures on which they are superimposed. 
It is possible that the time of the formation of the folds that are now 
occupied by oil and gas pools was coincident with the uplift of the 
region which followed the formation of the supposed Tertiary plain. 
(See p. 21.) In Cotton County, southwest of the Healdton field, the 
adjustment of the minor streams to folds is very exact, and it is 
probable that the time of folding has been comparatively recent.* 

OCCURRENCE OF OIL AND GAS. 

Oil and gas in the Healdton field are found in many sandstone 
strata of the ' 'Red Beds," but the principal deposits from which they 
are obtained lie in three or more sandstone beds which form, together 
with the interbedded shale, an oil-bearing zone about 250 feet in 
thickness. The top of this zone is foimd from 600 to 950 feet below 
the surface. In general the highest of the sandstone beds (A, PI. IV) 
is the gas-bearing sand, although gas occurs in considerable amount 

1 Snider, L. C, Petroleum and natural gas in Oklahoma, p. 144, 1913. 

X Wegemann, C. H., Anticlinal structure in parts of Cotton and Jefferson counties, Okla.: U. S. Geol. 
Survey Bull. 002, pi. 5, 1915. 

* Munn, M. J., Reconnaissance of the Grandfield district, Okla.: U. B. Geol. Survey Bull. 647, 1014. 

* Wegemann, C. H., op. cit., p. 34. 
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in the lower sands, and the gas sand in certain wells produces a con- 
siderahle amount of oil. From this sand also, on the flanks of the 
fold, below the oil and gas horizon, salt water is reported. The next 
sand below the gas sand (B, PI. IV) is that on the surface of which 
the structure contours of Plate III are drawn. The oil in this sand 
is often, though not invariably, lighter than that of the lowest sand 
(C, PI. IV). This lowest oil sand is not reached in all the wells but 
appears to be as rich in oil as sand B. Certain wells that have been 
drilled to considerable depths have encountered below this sand thick 
beds of limestone which alternate with dark shale, and which are 
probably of Pennsylvanian age. 

Oil, when foimd in the beds above the principal oU and gas zone, 
is of high specific gravity, containing considerable amounts of asphalt. 
Salt water is rarely, if ever, recorded from the strata above the prin- 
cipal oil-bearing zone, but it is found in the strata of that zone on the 
flanks of the fold below the oil pool, and in some wells — as, for 
example. Woodward No. 4 of the 1911 Oil Co., in sec. 32, T. 3 S., 
R. 3 W. — ^it is reported from strata below those which carry the oil. 

The lower limit of the oil pool is by no means at the same elevation 
with reference to sea level on all sides of the dome. In the SE. J 
SE. } sec. 36, T. 3 S., R. 4 W., oil is encountered at sea level, and 
in the SE. J SE. J sec. 6, T. 4 S., R. 3 W., the oil-bearing zone was 
found barren at 190 feet above sea level. In the shallowest part of 
the Healdton pool, on the crest of the dome, oil is obtained at 380 
feet above sea level, or 600 feet below the surface. The wells which 
show the greatest quantity of gas are, as a rule, situated on the crests 
of the minor domes (PI. III). This does not appear to be true of 
the wells just northeast of the center of sec. 5, as shown on Plate 
III. It should be stated, however, that logs of the Wrightsman 
and Foster wells, just northeast of the wells mentioned, were not 
obtained, so that the details of the structure in this particular area 
are not known and the mapping may be somewhat inaccurate. 

The general character and fractional composition of the Healdton 
crude oils are indicated in the accompanying tables, which are 
extracted from a report on '* Conditions in the Healdton oil field," 
submitted by Jos. E. Davies, Commissioner of Corporations, to the 
Secretary of the Department of Commerce, March 16, and published 
by the department under that date. According to this report 
the Healdton oils range m gravity from 29.27° to 33.93° Baumfi. 
The variation does not appear to have any direct relation to the 
&tructure. Oils of different gravity that are obtained from adja- 
cent wells come, as a rule, from different sands. In general, the oil 
in the Healdton pool is darker in color than oil of the same gravity 
in other fields. 

98867**— Bull. 621—16 3 
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The analyses made by G. Y. Williams and C. K. Francis show 
gasoline, and those made by M« C. Whitaker show naphtha. 

The two samples examined by Mr. Whitaker for the Bureau of 
Mines (see pp. 103-107 of the report cited) were subjected to frac- 
tional analyses by four methods, with corresponding variation in 
the results, as shown in the second table. These samples were 
takea at the localities indicated below: 

1470. Lease, Silaumy Jones AUotr— Dept. lease: Sec. 4, T. 4 S., R. 3 W., Carter 
County, Okla.; owner, Coline Oil Co., Ardmore, Okla.; well No. 1. Sampled by 
Irving C. Allen, May 23, 1914. 

14S4. Million & Thomas iann : Sec. 5, T. 4 S., R. 3 W. , Carter County, Okla. ; owner. 
Crystal Oil Co., Ardmore, Okla.; well No. 3 at extreme southeast comer of S. i S£. j. 
Sampled by Irving C. AUen, May 23, 1914. 

Concerning these results Mr. Whitaker adds: 

A comparison of the results obtained shows a wide discrepancy in amounts of the 
various products obtained by the several methods of analysis, and this difference is 
especially great in the case of the '^ naphtha." On sample No. 1464 about one and 
three-fourths times as much *^ naphtha" is obtained by the Engler method as by the 
Regnault method, whereas in sample No. 1470 the ''naphtha*' obtained by the Naw- 
nitil method is less than one-third that obtained by the Engler method. The varia- 
tions shown in the analysis of your oils by the different methods are ditectly in accord 
with our previous experience, extending over a nimiber of years. We do not consider 
any of the existing methods as dependable. It is doubtful if any of these methods 
will give results even approximating those attained in practical distillation. 

Information as to laboratory barrel-still tests, as to sulphur content, 
and as to products, etc.) will be found in the report of the Commis- 
sioner of Corporations. 

The largest production from single wells, amounting in one well to 
5,700 barrels a day, is obtained on the minor dome in the N. i sec. 6, 
T. 4 S., R. 3 W. This dome is not the highest one in the field, but it 
appears to be one of the most regular, and the question may here 
arise as to whether the more intense folding that has taken place in 
certain parts of the Healdton dome has tended to dose the pores 
between the sand grains, making the sands less porous and reducing 
their capacity to hold oil. The two dry holes in the NW. J NE. { 
sec. 5, T. 4 S., R. 3 W., may perhaps be accounted for in this manner 
or on the possibility of a fault existing at this locality. (See p. 23.) 
The dry hole in the SW. I SE. J sec. 5 is probably due to the presence 
of the fault indicated on Plate III. A fault of this nature may 
interrupt an pil-bearing bed, causing an accimiulation on one side of 
the fault, whereas the beds on the opposite side are left barren of oil. 

SOURCE OF THE OIL. 

i The oil in the Healdton field has probably been derived from the 

■ Pennsylvanian rocks underlying the Permian, near the base of which 

I He oil is found. There is, however, no direct proof of this assmnp- 
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tion. It is usually admitted that the Pennsylvanian beds, which con- 
tain more plant and animal remains than the beds of the Permian 
are the more probable source of oil, and in the great fields of northern 
Oklahoma the oil is obtained from Pennsylvanian strata. It is there- 
fore usually assumed that oil found in the beds of the Permian has been 
derived from the underlying Pennsylvanian. 

East of the Arbuckle Mountains beds of Ordovician age are known 
to be asphalt bearing in the vicinity of Atoka.* The asphalt deposits 
formerly mined near Woodford, 10 miles northeast of the Healdton 
field, however, occur in Carboniferous strata. It seems probable that 
the limestones underlying the Permian in the Healdton field are of 
Pennsylvanian age, inasmuch as the strata occupying a similar posi- 
tion in the Loco field have yielded Pennsylvanian fossils in the drill 
cuttings from the gas wells; yet there is a remote possibility that the 
limestone beds in the Healdton field may be older than Pennsylvanian 
and perhaps Ordovician. 

If, as is believed by some authorities, the formation of petroleum 
from plant or animal remains is due to the action of bacteria, it is evi- 
dent that the transformation to petroleum must take place soon 
after the deposition of the sediment. If the folding which produced 
such structure as that of the Healdton dome has taken place in com- 
paratively recent time, it is evident that the oil, the accumulation of 
which is undoubtedly due to the presence of the rock folds, has been 
collected in its present position since the folding, or at a time long 
after the formation of the oil. It must then have existed through the 
ages as minute globules scattered through the Pennsylvanian rocks, 
or collected in some fold of the Pennsylvanian from which, after sub- 
sequent erosion, deposition of the overlying beds, and folding, it 
migrated into the strata of the Permian. 

To the writers it seems more probable that the organic com- 
pounds, whether of vegetable or animal origin, from which the oil was 
eventually formed, existed as minute particles in shale or limestone. 
Recent microscopic studies by Davis' have demonstrated the presence 
in the "oil shales" of Colorado of the remains of algae in great num- 
bers, and there appears to be little doubt that the compounds in this 
shale, which on distillation give petroleum, are derived, in part at 
least, from these algal remains. The shales of the Carboniferous 
were probably not so highly impregnated with organic material capa- 
ble of producing oil as the typical oil shales, yet their mass is so great 
that even with a comparatively low percentage of organic material 
they might be capable, imder proper conditions of temperature and 
pressure, of generating vast stores of petroleum. Such conditions 

' Tall, J. A., Orahamlte deposits of southeastern Oklahoma: U. S. Qeol. Survey Bull. 380, p. 296, 1909. 
' Davis, C. A., On the fossil algee of the petroleum-yielding shales of the Qreen River formation: 
Science, new ser., vol. 41, No. 1050, Apr. 16, 1915. 
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may well have been supplied by the earth moyements that produced 
the folds ill which the oil accumulated, the organic material in the 
shale imdergoing slow distillation imder conditions of high pressure 
and of the temperatures induced by the pressure. The product of 
such distillation may have been petroleum, or it may have been gas 
from which on condensation petroleum was formed. Gas passes 
through rock pores with little friction as compared with oil, and many 
accumulations of petroleum which are accoimted for with diflSculty 
on the supposition that petroleum as such migrated for considerable 
distances through the rock strata are easily explained by supposing 
that the petroleum reached its place of accumulation in the form of 
gas, which later condensed to petroleum. Whatever the method of 
formation of the oil and the conditions under which it was collected 
into pools, it is certain that in such fields as that of Healdton the 
presence of domal or anticlinal structure in the rock beds has been the 
controlling factor in determining the place of accumulation. 

FUTURE DEVELOPMENT IN THE HEAIJ>TON FTELD. 

The productive area of the Healdton oil field has already been 
defined in a general way by the drill, but . there still remains much 
undeveloped territory to be explored. The drilling already done 
shows that the oil sands are productive in practically aU parts of the 
dome above the 200-foot contour — that is, within the area encircled 
by it, as shown on Plate III. In this area only one dry hole has 
been drilled. This was located on the line of a probable fault, and 
it may reasonably be inferred that when fuUy explored the entire 
area outlined by the 200-foot contour will be found productive. 
Greater gas pressure and consequently higher initial production will 
probably be encountered near the crests of the subsidiary domes, as 
shown on Plate III, than in the depressions between them. 

A most promising place for an extension of the producing terri- 
tory is in the NW. { SE. i sec. 31, T. 3 S., R. 3 W. A well has 
already been drilled in the southwest quarter of this 40-acre tract, 
but the axis of the subsidiary dome on which it is situated extends 
from the well in a northeasterly direction — how far has not yet been 
determined. 

Similar conditions exist on the subsidiary dome whose highest 
part hes just north of the center of sec. 6, T. 4 S., R. 3 W., and on 
which some of the best wells in the field have been put down. The 
axis of this dome, as shown on Plate III, extends in a southwesterly 
direction from a point just north of the center of sec. 6, but the 
extent of the structure to the southwest has not been determined. 
The fact that dry holes were put down in the SE. i SE. J sec. 6 and 
the SE. I NW. J sec. 7 should not condemn the territory along the axis 
of this dome southwest of the center of sec. 6. In testing this terri- 
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tory, as well as that in sec. 31, T. 3 S., R. 3 W., wells should be drilled 
on the anticlinal axis at intervals of one-eighth of a mile, beginning 
near the productive wells. 

Some areas outside of the 200-foot contour, as shown on Plate III, 
have already been proved to be productive territory. The dry hole 
near the center of the SE. i SE. J sec. 36, T. 3 S., R. 4 W., tends to 
condemn the territory beyond the productive wells at the northwest 
end of the pool, but the area east of these wells, although it is out- 
side of the 200-foot contour, will probably prove to be oil producing. 
Wells drilled near the east quarter comer of sec. 10, T. 4 S., R. 3 W., 
are not large but appear to indicate an extension of the pool in that 
direction, and the territory between them and the main dome to the 
west probably contains oil. 

An extension of the productive territory is to be expected south 
of the small dome in the SW. i NW. i sec. 10, T. 4 S., R. 3 W., in 
line with its axis, and this territory may extend as far south as the 
productive well already drilled in the SW. { SE. J sec. 15. Recent 
development in the vicinity of this well, however, shows high gas 
pressure, which may indicate the presence of a subsidiary or sepa- 
rate dome. Should such a dome be present at this distance from 
the main dome there is a possibility that an oil pool accumulated 
in it is entirely separate from that of the main dome, in which case 
part of the territory between it and the main dome is probably 
barren. 

A producing well is located near the northeast comer of sec. 16, 
T. 4 S., R. 3 W., and the territory between it and the small dome 
half a mile to the northwest appears promising. 

At other places around the dome the limits of the oil pool are at 
present fairly well defined by dry holes. The producing territory 
will probably be extended for very short distances at many places, 
but prospecting should be done cautiously by wells drilled compara- 
tively near those already producing. 

The oil and gas development in the southern part of sec. 15, T. 4 S., 
R. 3 W., suggests the possibility of finding other oil pools in the vicin- 
ity of the Healdton pool. To judge by the steep dip to the south- 
west in the S. i sec. 8, T. 4 S., R. 3 W., and the dry holes which 
have been drilled in this locality, the chances of finding oil imme- 
diately southwest of the Healdton pool seem to be poor. The terri- 
tory between thcr Healdton pool and tho asphalt deposits in sec. 32, 
T. 3 S., R. 4 W., has been by many operators considered as favorable 
ground for oil prospecting, but the fact that dry holes have been put 
down in sees. 32 and 36 is against this view. The surf aco rocks 
between the northwest end of tho Healdton field and the asphalt 
deposits belong to the sandy series which overlies the beds exposed 
on the Healdton dome, and the structure in this area is therefore 



30 CONTBIBUTIONS TO ECONOMIC GEOLOGY, 1915, PABT n. 

probably synclinal and not favorable to oil accumulation. Except 
for the possible extension of producing territory in sec. 31, T. 3 S., 
R. 3 W., the area immediately north of the H^dton field does not 
appear promising. 

In the vicinity of the Healdton fidd the best chances for the ext^- 
sion of the producing territory or tiie discovery of new domes appear 
to be in the areas mentioned above and in the Permian area for a dis- 
tance of 4 or 5 miles east and southeast of the field. About 8 miles 
east of the field the older Paleozoic rocks reach the surface and the 
oil-bearing beds at Healdton are not present, having been removed 
by erosion. 



THE LOCO GAS FIELD, STEPHENS AND JEFFERSON 

COUNTIES, OKLAHOMA. 



BjCarboix H. Weoemann. 



INTRODUCTION. 

The Loco gas field is on the line hetween Stephens and Jefferson 
counties, Okla., ahout 3 miles southwest of the village of Loco and 10 
miles northwest of the Healdton oil field. (See PL VI and fig. 3. ) It 
is 18 miles east of the line of the Chicago, Rock Island & Pacific Rail- 
way. For many years asphalt, deposits have been known to exist in 
this vicinity, but deep drilling for oU and gas was not begun until 
1912. The first gas well was struck in the spring of 1913, about six 
months before the Healdton pool was discovered. Six other gas wells 
of capacities ranging from 6,000,000 to 20,000,000 cubic feet a day 
have been drilled, but no pipe line has yet been laid to the field and 
the wells are capped. 

The field work on which the following report is based was done in 
November, 1913, the writer being assisted by Mr. R. W. Howell, of 
whose aid, both in the field and in the office, he desires to express his 
appreciation. The report has been prepared under a cooperative 
agreement between the United States Geological Survey and the 
Oklahoma Geological Survey, according to which each organization 
furnished a part of the funds necessary for the work. 

Thanks are due to the Oklahoma Diamond Oil & Gas Co., the 
Washita Gas & Fuel Co., and Messrs. McQueen Bros, for logs of their 
respective wells; ako to Mr. M. M. Hightower, Mr. W. J. Collier, and 
other residents of the district, who supplied valuable information and 
extended courtesies during the prosecution of the field work. 

HISTORY OF DEVEIjOPMENT, 

For many years asphalt seeps have been known to exist along a 
belt of territory lying southwest of the town of Loco, in Stephens 
County, Okla., and extending in a general northwesterly direction. 
In 1903 an imsuccessful attempt at development of the asphalt 
deposits was made by the Tar Springs Refining Co., whose works were 
built just south of the center of sec. 25, T. 3 S., R. 5 W. The refinery 
burned down soon after operations were begun, and current report 
states that owing to the lack of transportation facilities the venture 
Would not in any event have been profitable. The same company 
drilled a well 1,000 feet northeast of the pit from which the asphalt- 
bearing sandstone was obtained, but apparently met with no success. 
It is reported that the well is not more than 600 or 700 feet deep. 

31 
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R. V. LeGrande, of the Tar Springs Refining Co., after the bur 
of the asphalt plant, opened mines on grahamite deposits in sej 
T. 2ra., R. 4 W., 6 miles north of Loco, which for a time were wol 
with profit. He was also instrumental in putting down a dug 
in search of oil near the south quarter comer of sec. 10, T. 3 S., 
W., about a quarter of a mile north of a water weU in which as 
was encoxmtered. The well was 142 feet in depth and by b 
twice daily would produce about 3 barrels of dark, heavy oil ev 
hours. The product was used in the vicinity as lubricating oil.j 

Deep drilling in the Loco field was begun by the Oklahoma Dia 
Oil & Gas Co. in October, 1912. The first well was drilled in 
T. 3 S., R. 5 W., and encountered traces of oil and gas, but n 
quantities sufficient to warrant development. Four other wells 
drilled by the same company in the spring of 1913 in sees. 10 and 
T. 3 S., R. 5 W. All obtained gas under heavy pressure, the estimi 
capacity of the wells ranging from 6,000,000 to 20,000,000 cubic f« 
day. About the same time the Washita Oil & Gas Co. drilled a wJ 
sec. 15 which had a daily capacity of 15,000,000 cubic feet. McQl 
Bros, drilled in the SW. i sec. 3 of the same township but obtained i 
a showing of oil. The Oklahoma Diamond Oil & Gas Co. drilled dv^ 
the winter of 1913-14 a well m the NW. i SW. i sec. 14, T. 3 S^ 
5 W., which obtained a Uttle heavy oil, but no gas in commei 
quantity. During 1914 the same company drilled a dry hole in] 
NE. i NE. i sec. 10, T. 3 S., R. 5 W., a gas well in the NW. 1 K\ 
sec. 15, T. 3 S., R. 5 W., and an oil well near the middle of sec. 9, 
S., R. 5 W. This last-named well is reported to yield about 25 bai 
of heavy petroleum daily, as well as gas in considerable quantity- 

The Nippon Oil Co. is at the time of vrriting (April, 1915) drilj 
a well in the NE. { SE. i sec. 26, T. 3 S., R. 5 W, 

IiOCATION OF THE LOCO GAS FIEIiD WITH KEIFEREI^ 

TO THE HEAIiDTON OIL FIEIiD.* 

As stated above, the wells in the Ix)co field are in sees. 9, 10, I) 
15, T. 3 S., R. 5 W., but outcrops of asphalt-bearing sandstone occt| 
a belt of territory having a maximum width of 3 J miles and extendi 
from sec. 32, T. 3 S., R. 4 W., northwestward as far as the SE. i flt 
31, T. 2 S., R. 5 W., a distance of about 9 miles. 

The northwest end of the Healdton pool lies in sec. 36, T. 3 S,, 1 
4 W., 9 miles southeast of the gas wells at Loco and 4 miles east 
the nearest asphalt deposits in the Loco dome. (See fig. 3.) 

Between the two fields is an area extending from the NE. J SE.; 
sec. 36, T. 3 S., R. 4 W., to the SE. i NE. i sec. 32, of the same to^ 
ship, a distance of 4 miles, in which there are no surface indicati(^ 
of petroleum and in which the weUs already drilled have failed i 

encounter oil or gas. 

: f 

1 See pp. 13-dO of this bulletin. 
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TOPOGRAPHY. 

Loco is on tte southwest edge of a belt of sandy wooded country 
which borders the Arbuckle Mountains. The territory is rather more 
rolling than that of the treeless plains farther west, but the relief does 
not exceed 150 feet. The drainage of the Loco field is effected by 
branches of Mud Creek, a tributary of Red River. 

STRATIGRAPHY. 

The rocks exposed in the Loco field are of Permian age and consist 
of sandstone, shale, and fine conglomerate. The rocks lie strati- 
graphically lower than the beds that are exposed on the surface of the 
plains region a few miles farther west and are considerably more 
sandy. The following section of the lowest rocks exposed in the Loco 
field, which was measured near the crest of the anticline in the SW. J 
sec. 24, T. 3 S., R. 6 W., will give a general idea of the nature of the 
rocks exposed, particularly the asphalt-bearing beds. 

Section of rocks exposed in theSW. ^ sec. 24, T, S S., R. 5 W. 

Top. Feet. 

Sandstone, coarse, buff, or brown, composed of quartz, feldspar, zir- 
con, and a highly altered manganese (7) mineral. Cement brown 
to opaque; some grains well rounded, others angular. Average 
diameter of grains, 0.303 millimeter 18 

Shale, blue 3 

Shale, red (poorly exposed) ; about 3 feet above the base fragments 
of very dark ferruginous sandstone lying on surface of outcrop 35 

Shale (?); near the top are great numbers of round and irr^fular- 
shaped pebbles resembling concretions apparently derived from a 
bod of shale conglomerate similar to those described by various 
authors as occurring in the Wichita formation' 5 

Sandstone, impregnated with asphalt; weathers white 3 

Sandstone, calcareous, mottled gray and brown; weathers into large 
rounded forms, black on surface. Consists of quartz with apatite 
and rutlle inclusions, zircon, and plagioclase; quartz grains some- 
what separated from one another, subangular. C/oment calcite, 
parts of which are very impure, giving rise to the mottled appear- 
ance 6 

Sandstone, greenish white, thin bedded, fine grained. Cement cal- 
cite. Some of the layers carry a little asphalt 5 

Shale, red and gray 3 

Sandstone, cross-bedded, greenish wliite to black, according to the 
nature of the cement, which in some layers is calcite and in others 
entirely asphalt. Consists of quartz, with apatite and rutile inclu- 
sions, zircon in comparatively large amount, muscovite, and horn- 
blende (?). The quartz grains are in some specimens separated 
from one another as if forced apart by the crystallization of tlie cal- 
cite forming the cement between them 5 

Shale conglomerate containing pebbles wliich resemble concretions, 
bluish gray ^ 

Shale, red. 

'Udden, J. A., and Phillips, D. McN., A recoimaissonce report on the geology of the oil and gas 
W<i8 of Wichita and Clay counties, Tex.: Texas Univ. Bull. 246, Austin, 1912. 
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Overlying the rocks described in the above section are those which 
form the surface in the timbered belt northeast of the Loco anticline. 
These consist of alternating beds of shale and sandstone in about equal 
amount. The sandstone beds are for the most part white, bluish 
white, or gray, but are in some places red. The rock is comparatively 
coarse grained, some thin beds being conglomeratic and the individual 
grains being well roimded. The cement is calcareous. The character 
of the beds is shown by the following stratigraphic section, which 
was measured in a deep valley between the old grahamite mines in 
sec. 6, T. 2 S., R. 4 W., 6 miles north of Loco. 

Section of rocks exposed near grahamite mines in sec. 6, T. t S.y R. 4 W. 

Top. Feet 

Sandstone, white, with brown ferruginous layers 15 

Sandstone, white, flecked with brown. Under the microscope 
shows quartz with rutile and apatite inclusions, altered feldspar, 

zircon, and tourmaline 15 

Cement calcite. Brown specks, probably manganese. Average 

size of grain 0.126 millimeter 10 

Covered; near top 2 to 4 feet of brown ferruginous sandstone, forming 

ledge 22 

Sandstone, buff 2 

Covered 20 

Sandstone, white; upper part calcareous 6 

Sandstone, bluish blacky coarse. Contains small round concretions 
the size of buckshot, which weather out on surface, apparently of 
same material as mass of the rock. On extraction with chloro- 
form, yields asphaltic oil in considerable amount. 12 

Sandstone, dark brown, coarse. Color probably due in part to con- 
tent of manganese oxide. Upper part of bed cream-color streaked 

with dark b rown 9 

Conglomerate, pebbles of blue shale, cemented by calcite, hard, 

dolomitic J 

Sandstone, brown and black 3 

Shale, blue 18 

Sandstone, white, buff, and brown, hard; calcite cement; contains 
round pyrite concretions as much as 2 inches in diameter. The 
basal layers are irregularly impregnated in streaks and patches with 
petroleum, of which the rock smells strongly. The upper layers of 
the ledge are shaly and cross-bedded. The bed resembles in 
many respects the lower asphalt-bearing sandstone exposed in sec. 

24, T. 3 S., R. 5 W 10 

Conglomerate, pebbles of blue sliale cemented by calcite; a shade of 

red in some layers 2 

Shale, blue, sandy, blotched with red. Base not exposed. 

The sandy series is about 300 feet thick and forms a marked feature 
of the Permian over a considerable area. It constitutes the surface 
rocks in the wooded country northeast of the Healdton field as well 
as the high divide in the vicinity of the grahamite mines. This 
divide may be traced northwestward to the **base line road" 5 miles 
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southoast of the Duncan gas field/ and it is probable that the low 
hills that partly encircle the Lawton oil and gas field,' 50 miles farther 
west, are formed by this same sandy series. 

Fossil plants have been collected in the vicinity of Dixie, 6 miles 
east of Loco, from the red shale and fine-grained sandstone within or 
below the sandy series just described and have been determined by 
David White as probably of Permian age. 

Knowledge of the strata imderlying tiie surface in the Loco field is 
furnished by the logs of the deep wells. The beds consist of alter- 
nating shale and sandstone to a depth of about 800 feet. The red 
shale extends to depths ranging from 500 to 700 feet, the shale below 
being prevailingly blue or gray. The sandstone beds in the series 
just described appear to be fairly continuous over the area and by 
means of them the logs of the various wells may be correlated. 
Below this series, which is believed to be of Permian age, lie thick 
beds of blue or black shale alternating with beds of limestone. The 
rocks include also beds of sandstone, but the section as recorded in the 
logs of three of the deeper wells varies greatly, as if diflFerent parts of 
a rock series were penetrated in different wells. This series is believed 
to be of Pennsylvanian age, which is indicated by certain fossils 
obtained in the drill cuttings in some of the deeper wells, and is sup- 
posed to lie unconformably below the Permian strata. If the Penn- 
sylvanian beds here dip at a considerable angle it is evident that wells 
put down at diflferent localities will not encounter equivalent beds^ 
and that the variations noted in the well logs are thus easily accounted 
for. The precise line of demarcation between the Pennsylvanian and 
the overlying Permian can not be determined, but it probably lies 
within 200 feet of the sand that in the productive wells is the princi- 
pal gas horizon. In well No. 6 of the Oklahoma Diamond Oil & Gas 
Co. (No. 8 on PI. VII), for example, it would appear to lie somewhere 
between 650 and 850 feet below the surface, possibly just above the 
25 feet of limestone recorded at 860 feet. In well No. 7 of the same 
company (No. 5 on PL VII), which is about a mile northwest of well 
Xo. 6, this limestone is not recorded, and in well No. 1 of the Okla- 
homa Diamond Oil & Gas Co. (No. 1 on PI. VII), which is 3 miles 
northwest of No. 7, the beds between 1,086 and 1,461 feet are for the 
most part limestone. 

The unconformity noted in the welk of the Loco field may be well 
observed along the west end of the Arbuckle Mountains, about 15 
miles northeast of the field. Here the horizontal Permian beds he 
unconformably on steeply dipping strata ranging in age from Ordo- 
vician to Carboniferous, and the same general condition may be seen 
along the Wichita Mountains, which lie 50 miles northwest of the 

> See pp. 43-50 of this bulletin. > See pp. 71-4io of this buUetln. 
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Arbuckle Mountains. This unconformity between the Pennsylvi 
and the Permian appears to have been only local in extent, f 
north-central Texas, where the same rocks are exposed at th< 
face, the Cisco formation, the highest division of the Pennsylva 
appears to be perfectly conformable with the overlying Permian 
Somewhere between the Arbuckle-Wichita uplift and the Texai 
the unconformity which exists along the moimtains must disaj 
but the Loco field is evidently well within the area affected 
A tentative correlation between certain well logs of the Loc< 
Healdton fields seems to show that the gas-bearing sands at 
lie within 200 feet of the surface on the crest of the Healdton 
As most of the oil at Healdton is found in Permian strata at a 
of 800 or more feet below the surface, it is evident that the Pel"— ^« 
beds at Healdton are lower than any represented at Loco an< 
the Permian in the Healdton field as originally deposited was 
what thicker than in the Loco area. The surface on which thel--^* 
mian beds were deposited appears to have been one of consid^— ^" 
reUef, and variations in the thickness of the Permian are prol 
due to the irregularities of the old land surface. l-^« 

INTERPRETATION OF STRUCTURE CONTOURS. 

The structure contours given on Plate VI are drawn upon the; 
face of the main gas sand (see PL VII) and represent the slo[ 
the folded surface of that bed. Every point along any given I 
tour is at the same elevation above or below sea level, the r^ 
being drawn at intervals of 20 feet. To one unfamiliar with 
interpretation of contours the following somewhat fanciful i 
ception may bo of assistance. 

Were it possible to remove all of the overlying strata and to ^ 
about on the surface of the oil sand, the course followed by one j 
endeavored to walk always at an elevation of 200 feet above 1 
level of the sea, never stepping up or down, but walking always at i 
one level, would be that indicated by the 200-foot contour on 1 
map. When the pedestrian came to a knoll or jutting point, I 
would be compelled, in order to keep at the same level, to walk aroii 
its side. When he reached the valley which lay between this kq 
and the next he would be obliged to walk up the valley to a poj 
where its floor was level with that of the hillside which he had ]i 
left. In other w^ords, his course, were it represented by a line, wo| 
outline the form of the hills and vaUeys or their contour. A serf 
of lines (" contours '0 drawn at given intervals above sea level ^ 
indicate very clearly, to one accustomed to the reading of contodi 
the form of the surface represented by them. j 
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STRUCTURE. 

Rock structure, as shown on the accompanying map (PL VI), has 
been worked out from a comparison of the logs of the several wells 
and from observations on an asphalt-bearing sandstone which out- 
crops at many places in the Loco field and which lies about 600 feet 
stratigraphically above the principal gas-bearing horizon. This 
asphaltic sandstone, or rather series of sandstones, for the different 
beds are separated by thin beds of shale, is about 20 feet thick, as is 
shown in the stratigraphic section given on page 34. At some places 
in the exposures it is possible to distiuguish the relation of the par- 
ticular bed on which observations are taken to the other beds in the 
series. The asphalt-bearing beds are thus a great aid in an accurate 
determination of the structure, for by calculating the altitude of the 
base of the series throughout the field, the nature of the rock folds 
becomes apparent. The asphalt-bearing sandstones in this area are 
so uniformly impregnated with asphalt as to make it seem probable 
that they represent former oil sands which have been brought to the 
surface by erosion, the petroleum in them being oxidized to asphalt. 

The largest exposures of the bed of asphaltic sandstone lie in sees. 
23, 24, 25, and 26, T. 3 S., R. 5 W., and outline in cross section an 
a iticline the axis of which trends in a northwesterly direction. (See 
PL VI.) The crest of the dome in this vicinity lies in the middle of 
the SW. } sec. 24, the base of the asphaltic sandstone layer here being 
at an altitude of 930 feet. From the crest the bed dips to the north- 
east and to the southwest. To the northeast it may be traced for a 
quarter of a mile, being well exposed in the SE. } NW. } sec. 24, where, 
however, the rock is entirely free from asphalt and consists of a hard, 
compact, dirty-white calcareous sandstone. This rock appears to be 
i ' ntical with certain thin beds that alternate with the asphaltic 
. idstone beds farther southwest. The base is at an altitude of 894 
feet, showing a dip of 36 feet to the northeast between this exposure 
and the one above described. The bed northeast of this point 
appears to be practically horizontal for at least half a mile, as the base 
of what is believed to be the same bed exposed 1,300 feet west of the 
northeast comer of sec. 24 is at an altitude of 899 feet. 

In the SE. J sec. 18, T. 3 S., R. 4 W., are exposed two beds of 
asphalt-bearing sandstone, the stratigraphic distance between the 
bases of which is 40 feet. These two sandstone beds are believed to 
represent the asphalt-bearing sandstone together with the highest 
bed in the exposure on the wooded knoU at the crest of the dome in 
the SW. I sec. 24, T. 3 S., R. 5 W. (See p. 33.) If tliis correlation 
is correct the lower bed in the SE. J sec. 18, T. 3 S., R. 4 W., lies 41 
feet higher than the same stratum a mile to the west, and in the NE. J 
sec. 24 there is a shallow syncline, on each side of which are showings 
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of asphalt. The axis of this syncline, as may be seen on Plate VI, 
plunges to the north. 

Southwest of the crest of the anticline, in the SW. \^ sec. 24, T. 3 S., 
R. 5 W., the asphalt-bearing stratiun dips to the southwest. Its base 
is at an altitude of 913 feet in the NE. i S£. { sec. 23 and at 889 feet 
one-third of a mile farther west. In the SE. i NW. i sec. 26 the same 
stratum is at an altitude of 890 feet, or 40 feet lower than it is on the 
crest of the dome a mile to the northeast. The same bed is exposed 
in the NE. i NW. i sec. 25, T. 3 S., R. 5 W., at an altitude of 915 feet, 
and at the old asphalt works just south of the center of the section it 
lies at an altitude of 918 feet. It is reported that asphalt was struck 
in a well 48 feet m depth in the NE. { NW. \ sec. 35, T. 3 S., R. 5 W. 
The altitude of the surface at this well is 865 feet. The shape of the 
crest of the fold is indicated in sec. 25, T. 3 S., R. 5 W., and sec. 30, 
T. 3 S., R. 4 W., by altitudes on the bed of sandstone already men- 
tioned as l}ning about 40 feet above the asphalt-bearing bed. The 
base of a sandstone believed to represent this higher bed lies at an 
altitude of 978 feet in the NW. { NW. i sec. 30, T. 3 S., R. 4 W. In 
the SE. i NE. i sec. 25, T. 3 S., R. 5 W., it is' at an altitude of 980 feet, 
the bed being therefore practically flat between the two places. 
From the latter point, however, the dip is to the southwest, the base 
of the bed lying at an altitude of 945 feet in the SE. { SW. J sec. 25, 
T. 3 S., R. 5 W. What is believed to be the same bed is exposed in 
the NW. i NW. i sec. 36, where its base is at an altitude of 936 
feet. 

The extension of the Loco anticline to the southeast is indicated at 
several places in the southwestern part of T. 3 S., R. 4 W., by the 
presence of the lower asphalt-bearing sandstone. In the NW. J SE. \ 
sec. 31 the bed is exposed at an elevation of 920 feet above sea level. 
A few himdred feet northwest of this locality sulphur water was 
encoimtered in a dug well. In the SE. J SW. i of the same section 
water carrying the taste of petroleum was found in a well at a depth 
of 43 feet, or about 930 feet above sea level. The upper sandstone is 
hero exposed at the surface, its base being at an altitude of 967 feet, 
and it is probable that the water in the well comes from the top of the 
lower or asphalt-bearing bed, which is about 21 feet thick. The base 
of this bed is therefore at an altitude of 909 feet at this locality. The 
water in the well belonging to E. A. Burton, in the SE. i SE. { sec. 
30, T. 3 S., R. 4 W., is higlily impregnated with asphalt, which coats 
the bucket in which the water is drawn. The altitude of the mouth 
of the well is 962 feet, and the well is reported to be 54 feet in depth, 
so that the asphalt-bearing sandstone probably lies at an altitude of 
about 908 feet. In the NW. i NW. i sec. 32, T. 3 S., R. 4 W., salt 
water was encoimtered in a well, and in the NE. J NW. i of the same 
section the asphalt-bearing sandstone outcrops at an altitude of 912 
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feet. Asphalt is reported in a well in the SE. J NE. i sec. 32, T. 3 S., 
R. 4 W., which is said to be 40 feet in depth. The altitude of the 
mouth of the well is 919 feet. A test well 2, 100 feet in depth has been 
drilled in the SW. { NE. i sec. 32, on the Boles farm, which did not 
encounter oil or gas in paying quantity. Sulphur water is found in a 
weU in the SE. i SW. { sec. 33, in the same township, and salt water is 
found in a well belonging to Julia Long in the NW. { NE. i sec. 3, T. 4 
S., R. 4 W. There are no surface indications of asphalt or petroleum 
in this vicinity nor to the east as far as the weUs in the SE. { sec. 36, 
T. 3 S., R. 4 W., at the northwest end of the Healdton field. In the 
NW. i NW. i sec. 29, T. 3 S., R. 4 W., asphalt is reported in an old 
well, and in the SE. { SW. J sec. 21 of the same township the water 
in a well on the Sessum farm tastes slightly of petroletmi. The 
well is reported to be 119 feet in depth, and the altitude of ita 
mouth is 861 feet. 

Northwest of the outcrops in sees. 23 and 24, T. 3 S., R. 5 W., 
above described, the lower or asphalt-bearing sandstone is exposed 
in the NW. J SE. J sec. 14 at an altitude of 898 feet. A mile south- 
west of this locality a sandstone which is believed to represent the 
highest bed exposed in the SW, J sec. 24, T. 3 S., R. 6 W. (see section 
on p. 33), is exposed, its base being at an altitude of 908 feet. In the 
NE. i NW. i sec. 27 an asphalt seep known as the Tar Spring occurs 
in what is believed to be the lower or asphalt bed, the base of the 
asphalt stratum being at an altitude of 862 feet. 

Along the stream valley in the NE. { sec. 11a bed of sandstone is 
exposed contiituously for about half a mile. Altitudes taken at 
several places along the bed indicate a rather pronounced dip north- 
northeastward. In the N. i sec. 4, T. 3 S., R. 5 W., three different 
beds of sandstone are exposed, which have a pronounced dip to the 
northeast. Their relation to the beds thus far described could not 
be determined. Just north of the township line road, in the SE. ^ 
SW. } sec. 31, T. 2 S., R. 5 W., the lower or asphalt-bearing sand- 
stone is exposed, the asphalt stratum being at an altitude of 955 feet. 
About 600 feet farther east the hill is capped by the upper sandstone, 
the base of which is at an altitude of 997 feet. The asphalt-bearing 
bed is exposed in the SW. i SW. } sec. 31, where it lies at an alti- 
tude of 936 feet. There is tiierefore in this locality a dip to the west 
of 19 feet in about one-third of a mile, and the anticlinal axis lies 
farther east, its crest being perhaps coincident with that of the wooded 
hill, part of which Ues in the NE. J sec. 6, T. 3 S., R. 5 W. 

The structure in the vicinity of the gas wells has been worked out 
principaDy by means of the information afforded by the well logs, 
but as it is often difficult to make exact correlations between the logs 
of different wells conclusions based upon them must be taken as more 
or less conjectural. The gas welk in the NE. J sec. 15, T. 3 S., R. 5 W., 
appear to be on the point of an anticline which extends in a northwest 
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direction. North of the wells in the east part of section 10 there is a 
rather steep dip to the northeast (see PL VI), which is present also in 
the NE. } sec. 11, T. 3 S., R. 5 W., as is shown by the exposures of a 
bed of sandstone at this locality. South of the wells in the south half 
of sec. 15 there is a dip to the southwest. Under these conditions the 
end of the anticline in the NE. } sec. 15 constitutes a most favorable 
location for the accumulation of gas. 

In the SW. } sec. 24, T. 3 S., R. 5 W., there is a second end or * 'nose ' 
of an anticline which might be tested by a well located at the south 
end of the small wooded knoll at this locality. The dips on the flanks 
of this fold are not, however, as steep as are those on the flank of the 
similar structure noted in sec. 15. If the well in the SE. J SW. J sec. 
24 were successful the area to the south should be tested, particularly 
the NE. i sec. 25, T. 3 S., R. 5 W., the southwestern part of sec. 30, 
T. 3 S., R. 4 W., and the northeastern part of sec. 31, T. 3 S., 
R. 4 W. The well of the Nippon OU Co., m the NE. i SE. i sec. 26, 
T. 3 S., R. 5 W., is on the flank rather than on the crest of the anticline. 

If the lower of the two asphaltic sandstone beds exposed in the 
SE. J sec. 18, T. 3 S., R. 4 W., is the same as the bed exposed in sees. 
24 and 25, T. 3 S., R. 5 W., it is evident that the strata are higher in 
this locahty than they are farther to the west, and a test well might he 
drilled near the southeast comer of sec. 18, T. 3 S., R. 4 W. 

The well drilled by the Oklahoma Diamond Oil & Gas Co. near the 
center of sec. 9, T. 3 S., R. 5 W., on the Ida Billy farm, obtained dark 
and rather heavy oil with a production as reported of 25 barrels. This 
well appears to be located on a broad structural terrace, and as far as 
our present knowledge goes most of the N. } sec. 9, with the excep- 
tion of a small area near the northeast comer, should be territory as 
good as that on which the well is situated. Well No.l of the Okla- 
homa Oil & Gas Co., in the SE. i SW. } sec. 6, T. 3 S., R. 5 W., obtained 
only showings of oil and gas. The location of the anticlinal axis iii 
this locahty is somewhat uncertain; it appears to he about th^e^ 
quarters of a mUe northeast of well No. 1. A well drilled in the NE. \ 
NE. } sec. 6, T. 3 S., R. 5 W., should prove a fair test of the locality. 

The above suggestions in regard to prospecting the field are made 
after a careful consideration of all the data available. The reader 
should bear in mind, however, that rock outcrops in parts of this 
area are very few and that a slight error in correlation between beds 
in surface exposures or in well logs might change materially the 
apparent shape of the structure. If the information concerning the 
area is meager, the predictions in regard to the location of oil and gas 
pools in it must be either meager or more or less conjectural. The 
writer in his work has endeavored to go as far as possible in his pro- 
dictions, trusting to his reader to interpret his remarks in the spirit 
in which they are written. 
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ORIGIN OF THE OIL AND GAS. 

Oil and gas in the Loco field occur in small quantities in many of the 
Permian sandstone beds, but the principal gas-bearing zone consists 
of one or more beds of sandstone occurring within 250 feet of the base 
of the Permian at depths ranging in the various wells from 650 to 750 
feet below the surface. In certain of the deeper wells showings of 
oil and gas have been obtained in the strata which underlie the 
Permi an and which are probably Pcmisylvanian in age. From the fact 
that in the great oil fields of northern Oklahoma the oil is obtained 
from bods of Pennsylvanian age, as well as from the nature of the sedi- 
mentary rocks themselves (the rocks of the Pennsylvanian containing 
more organic matter than do those of the Permian) it seems probable 
that the oil which is found in Permian beds is derived from the under- 
Ivinor older rocks. In the Loco field these rocks are shown to be of 
Carboniferous age by the crinoid stems and small pelecypods which 
have been obtained from the cuttings of wells Nos. 1 and 5 of the 
Oklahoma Diamond Oil & Gas Co. As the oil and gas appear to 
have accumulated in the Permian strata near the crests of folds, it is 
evident that the oil must have accumulated since the folding occurred. 
That the folding occurred in comparatively recent geologic time is 
indicated by the fact that along Red River southwest of the Loco 
field the smaller drainage shows a minute adjustment to the structure, 
which would not be the case had the folding taken place at a very 
remote period.* 

Many theories have been advanced to account for the origin and 
accumulation of oil, but none have met with universal acceptance. 
To the writer it seems most probable that oil and gas have been 
derived from organic matter contained in shale or limestone which has 
been distilled under conditions of heat and pressure produced by 
earth movement. The oil may have been impelled through the 
rock pores to its place of accumulation by water under the forces of 
capillarity and gravity, or it may have migrated through the rocks in 
the form of gas which afterward condensed into oil.^ 

ANALYSES OF GAS FROM THE LOCO FIELD, 

Samples of gas collected by the writer in the Loco field were sent for 
analysis to the Pittsburgh laboratory of the Bureau of Mines, from 
which the following results are reported: 

^ Wegemana, C. H., Anticlinal structure in parts of Cotton and Jefferson counties, Okla.: U. 8. Geol. 
Survey liull. 602, p. 34 1913. 

* For a fuller discussion of this subject see Wegemann, C. H., and Ileald, K. C, The Healdton oil field. 
Carter County, Okla., pp. 13-30 of this bulletiu. 

98867*»— Bull. 621—10 4 
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Analyns of gas from well No. 7 ^ of the Oklahoma Diamond Oil d: Gas Co,, northwat 

comer of sec. IS, T. S S., R. 5 W. 

[Analyst by Q. A. Burrell; labontory No. 5864.] 

COj 0.2 

CH4 76.1 

C3H0 « 8. 5 

Na 16.2 

100.0 
Specific gravity (air=l), 0.67. 
Heating value at 0° C. and 760 millimeters pressure, 958 British thermal units. 

Analysis of gas from well No, 5 of the Oklahoma Diamond Oil dc Gas Co., NE. i sec. lb. 

T. S S., R. 5 W. 

[Analysis by O. A. Barrell; laboratory No. 6865.] 

CO2 0,0 

CH4 80.2 

CaH. 11.1 

Na 8.7 

100.0 
Specific gravity (air=l), 0. 65. 

Heating value at 0^ C. and 760 millimeters preasure, 1,061 British thermal units. 



THE DUNCAN GAS FIELD, STEPHENS COUNTY, OKLAHOMA. 



By Cabroll H. Wegemann. 



INTRODUCTION. 

The Duncan gas field, sometimes known as the Hope field, lies in 
Stephens County, Okla., near the post oflGice of Cruce, about 10 miles 
northeast of the town of Duncan. (Se6 PL VIII and fig. 3.) 

The first well m the field was drilled about 1907, m the NW. i SE. J 
sec. 12, T. 1 N., R. 6 W., and is reported to have obtained some gas 
and oil but was abandoned. The Skelly Drilling Co. a few years 
later drilled three gas wells in the E. i sec. 12, T. 1 N., R. 6 W., and 
two dry holes, one a few rods west of the center of the same section 
and another in the NW. J sec. 7, T. 1 N., R. 5 W. It is understood 
that these weUs have siace been taken over by the Washita Gas & 
Fuel Co., which itself began drilling in the field on March 20, 1912. 
The company's first well, which was a ''gasser," was drilled in the 
XW. i SE. i sec. 12, T. 1 N., R. 6 W. The company has drilled one 
other gas well in the same quarter section and two dry holes, one in 
the SW. i SE. i sec. 12, T. 1 N., R. 6 W., and one near the middle of 
sec. 1, T. 1 N., R. 6 W. 

A dry hole was drilled by the Stephens County Oil & Development 
Co. in the SE. J SW. J sec. 20, T. 1 N., R. 5 W., and a dry hole has 
been drilled by another company in the SW. } SE. { sec. 30, T. 1 
N., R. 5 W. 

The principal flow of gas in the wells is obtained at about 850 feet, 
and the wells vary in production from 3,000,000 to almost 18,000,000 
cubic feet a day. A pipe line has been laid from the field to Duncan 
and supplies that town with gas. 

The present report has been prepared by the United States Geologi- 
cal Survey imder a cooperative agreement with the Oklahoma Geo- 
logical Survey, according to which each organization furnished a part 
of the funds necessary for the work. 

The field work for the report was done in September, 1914, the 
writer being assisted by Mr. Ralph W. Howell, of whose careful work 
he desires to express his appreciation. Thanks are due to Mr. B. A. 
Barnes, a resident of Duncan, for much information in regard to the 
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field; also to the Washita Gas & Fuel Co., the Stephens County Oil & 
Development Co., and Mr. W. G. Skelly, for logs of wells drilled in the 
field. 

DRAINAGE AND TOPOGRAPHY. 

The Duncan field lies just south of the divide between Wild Horse 
and Brush creeks, both of which are branches of Washita River. 
The relief in the field is not over 250 feet, the most prominent topo- 
graphic feature being an escarpment formed by a bed of sandstone 
which partially encircles the field. The region is for the most part 
covered with post-oak timber. 

STRATIGRAPHY. 

The surface rocks in the Duncan field are red beds of Permian age. 
They consist of shale, sandstone, calcareous sandstone and shale con- 
glomerate. The shale is red or bluish gray in color. The sandstone 
is predominantly white or buff but is in some places red. Tlie 
cement of the sandstone is calcareous and in some beds the lime content 
increases in amount until the rock is a calcareous sandstone. At the 
bases of certain of the sandstone strata, or embedded in them, are thin 
beds of conglomerate, the pebbles of which consist of fragments of 
shale. The fragments are more or less angular and do not appear 
to have been transported far from their place of origm, being of the 
same material as the ordinary Permian shale. 

The most important bed or group of beds in the Dimcan field 
structurally and stratigraphically is a series of sandstones and inter- 
bedded shale about 40 feet in thickness, which forms an escarpment 
that partly encircles the field. The surface of the bed is in most 
places timber-covered, and the line of wooded hills produced by its 
outcrop is a conspicuous topographic feature. The individual beds 
of the group are variable in thickness and extent but the group as a 
whole covers a ])road area and has been traced for about 60 miles from 
a point north of Foster, a small settlement 18 miles east of the Dimcan 
field, to the north flank of the Wichita Mountains. The sandstone 
in the Duncan field is white, but that in part of the adjoining area is 
pink or red, and there are places where the change from pink to red 
may be observed in a single outcrop. This sandstone group forms the 
best horizon marker in the region and it is by means of it that a con- 
siderable part of the structure in the Duncan field has been determined. 

Below the sandstone lies about 100 feet of shale containing near its 
middle one or more thin beds of white sandstone, which are incon- 
spicuous in outcrop. The shale is underlain by beds of sandstone 
interstratificd with shale, the whole being about 300 feet thick. 
Where the sandstone beds reach the surface they form romided 
knolls or ridges, which, however, are inconspicuous as compared with 
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the escarpment of the higher group of sandstone beds. Below the 
soft sandstone and shale beds or about 400 to 600 feet below the base 
of the escarpment-forming sandstone, is a group of beds in which 
sandstone predominates and which, where it reaches the surface, pro- 
duces hills and ridges of considerable height. The soil formed by this 
group of sandstones supports a thick growth of post oak like that of 
the higher escarpment-forming sandstone. 

The nature of the strata which underlie the Duncan field is shown 
by the logs of the gas wells, the deepest of which is in the SE. \ NW. i 
sec. 12, T. 1 N., R. 6 W. In this well red, brown, and bluish shale 
alternate with thinner beds of white sandstone to a depth of 1,825 
feet, but below this depth the shale is prevailingly blue. At 1,900 
feet a 20-foot bed of limestone is recorded. From observations in 
adjacent fields, it is believed that the red color in this region is con- 
fined to the Permian and that thick beds of limestone are not found in 
that formation. It therefore seems probable that the unconformity 
between the Permian and the underlying Pennsylvanian lies in the 
well mentioned above, between the red shale and the limestone, 
probably at the base of the 25-foot bed of ** yellow quicksand'' 
recorded at 1,825 feet. As none of the other weUs in the field reached 
this depth it is impossible to demonstrate the presence of the uncon- 
formity by a comparison of logs. Its presence can be shown, how- 
ever, in the Healdton and Loco fields, and the unconformity may bo 
observed in surface exposures along the west end of the Arbuckle 
Mountains. Here the unconformity between the Permian and the 
underlying Carboniferous is well exposed east of the town of Pools- 
ville, where steeply dipping Paleozoic beds, ranging in age from 
Ordovician to Pennsylvanian, are overlain unconformably by flat- 
lying deposits of Permian age. 

Fossils are comparatively rare in the Permian. About 25 miles 
southwest of th^iDuncan field, in Cotton County, the bones of primi- 
tive amphibians have been found, and fossil leaves of Permian age have 
been collected in the Healdton field and near Dixie and Poolsville, 
southeast of the Duncan field. In the field itself certain of the sand- 
stone beds bear the marks of plant stems, but the impressions are so 
indistinct that the nature of the plants can not be determined. They 
are perhaps algae. Some of the thin beds of calcareous sandstone 
contain also very much broken fragments of shells, among which bits 
of crinoid stem were recognized. 

INTERPRETATION OF STRUCTURE CONTOURS. 

The structure contours shown on Plate VIII are drawn on the sur- 
face of the main gas sand (indicated on PI. IX by correlation lines 
between plotted logs) and represent the slope of the folded surface 
of that bed. Every point along any given contour is at the same 
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I 

elevation above or below sea level, the lines being drawn at inted 
of 20 f e^t. To one iinf amiliar with the interpretation of contoun 
following somewhat fanciful conception may be of assistance. 

Were it possible to remove all the overlying strata and to ' 
about on the siu^ace of the oil sand, the course followed by one 
endeavored to walk always at an elevation of 200 feet above 
level of the sea, never stepping up or down but walking all 
at the one level, would be that indicated by the 200-foot contoi 
the map. When the pedestrian came to a knoll or jutting p 
he would be compelled, in order to keep at the same level, to 
around its side. When he reached the valley which lay between 
knoU and the next he would be obliged to walk up the valley 
point where its floor was level with that of the hillside that he 
just left. In other words, his coiuse, were it represented by a 
would outline the form of the hiUs and valleys or their contoui 
series of lines drawn at given intervals above sea level will repr 
very clearly to one accustomed to the reading of contours the for 
the surface represented by them. 

STRUCTURE. 

The Duncan anticline proper is about 2 miles broad by 5 
long, its axis trending a few degrees west of north. About 15 3 
south by southeast of this fold, in line with its axis lies the 
field, which is 10 miles northwest of the great Healdton fidd of 
County. (See fig. 3.) Roughly speaking the three fields lie on a 
which partially encircles the west end of the Arbuckle Mount 
The mountains lie 25 miles east by south of the Duncan field. 
30 miles west of the Duncan field is the Lawton field, at the eas 
extremity of the Wichita Moimtains, and between the Wichita 
Arbuckle uplifts there is a low arch, the north flank of which is 
lined by the escarpment which is so prominent in the Duncan : 
This escarpment may be traced from a point in sec. 23, T. 
R. 3 W., north of Foster post office, southwestward ,to and 
the Duncan gas field and thence to an exposure on the north sic 
sec. 32, T. 1 N., R. 7 W., 1 mile north of the town of Dimcan. I 
this place it may be traced northwestward in a straight line to 
NE. i sec. 24, T. 4 N., R. 11 W., northeast of the Wichita Mount 
It doubtless extends farther northwest, along the mountain fi 
The dips along this escarpment are comparatively low, not exc 
ing 1°, except in the vicinity of the Dimcan field. 

The southern limb of the low fold between the two moimtain uj 
can not be defined because of lack of exposiu'es, and hence the e 
position of the axis of this fold is unknown. The cross fold w 
forms the Duncan anticline lies north of the axis, and the dom 
Loco and Healdton lie south of it. The three fields are in no 
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along the axis of a continuous cross fold. They are in fact distinct 
structures but are so situated with reference to the Arbuckle upUft 
that they appear to have been originally formed at the same time by 
stresses acting between the rigid mass of the mountains and the 
strata of the plains. The Duncan field does not, however, like the 
fields south of the mountain axis, give evidence of two periods of fold- 
ing. Its structiu'e is more regular than that of the other oil or gas 
fields mentioned. As shown on Plate VIII, the axis lies midway 
between the sandstone escarpments on either side, and the beds dip 
from the axis at angles of about 3°. The antichne plunges rather 
steeply at its north end, and at its south end the escarpments 
formed by the outcropping edges of the sandstone beds diverge in a 
direction almost at right angles to the axis of the fold, the structure 
itself appearing to merge into that of the low arch above mentioned, 
comiecting the two moimtain uplifts. In the E. J sec. 6 and in sec. 5, 
T. 1 S., R. 5 W., a line of timbered hills is formed by the lowest group 
of sandstone beds exposed in the vicinity of the field. This line of 
hills may be traced southeastward to sec. 6, T. 2 S., R. 4 W., at which 
place grahamite deposits have been mined in the sandstone strata 
which form the ridge. As this ridge lies in approximate alignment 
with the axis of the Duncan fold, it may be to a certain extent anti- 
clinal, although observations in the neighborhood of the grahamite 
mines, as well as in sec. 6, T. 1 S., R. 5 W., indicate that the beds in 
these two localities are horizontal. In sec. 32, T. 1 S., R. 4 W., about 
IJ miles west of the town of Alma, sandstone beds exposed in a gulch 
north of the road appear to dip northward with the grade of the 
stream. This dip may in fact be to the northeast, away from the 
possible anticlinal axis on which the grahamite mines are situated. 
Because of the lack of definite beds which can be traced from place to 
place in this region, the exact nature of the structure is very difficult 
to determine. 

OIL AND GAS. 

The principal gas horizon in the Duncan field, a sand from 7 to 19 
feet thick, lies at a depth of 800 to 900 feet below the surface and 
about 900 feet above the base of the Permian as the formation is here 
developed. Showings cf gas and heavy oil in small quantity are 
obtained in some of the wells in shallower sands, and it is reported that 
the gas sand on the limbs of the anticline below the gas pool in one 
well (in the SE. } NW. i sec. 12, T. 1 N., R. 6 W.) carries heavy oil in 
small amount. 

None of the wells in the productive area in the Duncan pool extend 
for below the principal gas horizon, and hence the sands in the 900 
feet of Permian beds which underlie this horizon have not been 
tested in the best part of the field. The deep well already mentioned, 
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in the SE. i NW. i sec. 12, T. 1 N., R. 6 W., encountered showing! 
of g^ at a depth of 1,300 feet and a ''rainbow" of oil at 1,625 feet 
but whether or not these two beds would be productive on th( 
crest of the anticline it is impossible to say in advance of driUing. 

From a comparison of well logs as well as from studies of the sur- 
face rocks in the Duncan, Lawton, Loco, and Healdton fields, the fol- 
lowing tentative correlations of the oil and gas sands may be made: 
The principal gas sand at Duncan is probably the same as the "400- 
foot sand" in the Lawton field, in which case the sand with showinga 
of gas struck at 1,335 feet in the deep test well in the NW. J sec. 12,' 
T. 1 N., R. 6 W., of the Duncan field is the probable equivalent of tW 
'* 800-foot sand'' in the Lawton field. The gas sands at Loco prolH 
ably lie at or a little above the same horizon, and the productivej 
sands of Healdton some 300 or 400 feet lower, corresponding in a gen^ 
eral way to the sand carrying showings of oil which was struck in the 
deep well at Duncan at 1,625 feet. 

The extent of the gas pool to the southeast and the possible pres- 
ence of oil in commercial quantity in the Duncan field are subjects on 
which no positive statements can be made. It appears probable that 
the axis of the anticline for at least a mile southeast of the gas weUs 
should prove good gas territory. The well of the Stephens County 
Oil & Development Co. in the SW. } sec. 20, T. 1 N., R. 5 W., was 
drilled too far east to test the possibilities of the anticline in this 
locality. The dry hole, however, in the SE. J sec. 30, T. 1 N., R. 5 W.. 
is in a good location. Its log was not obtained, but if it reached a 
depth of 1,000 feet without encountering oil or gas in commercial 
quantity it is probable that the anticline is barren in this part of the 
field, at least as regards the sands now producing in the Duncan field. 

As the sandstones exposed in sec. 5 and the E. i sec. 6, T. 1 S.. 
R. 5 W., are lower than any of the beds exposed in the vicinity of 
the gas wells, it is evident that the gas sand must be nearer the sur- 
face and hence the structure higher in sees. 5 and 6, T. 1 S., R. 5 W.. 
than farther to the north. The dips in this locality are, however, ven* 
small, and so little is known of the exact shape of the fold that it is 
impossible to make prochctions m regard to it. The well in NW. i 
sec. 10, T. 1 S., R. 6 W., appears to have been drilled too far east 
to have been a fair tost. The plunging end of an anticline like that 
on which the gas wells are situated is always a very favorable place 
for the accumulation of oil or gas, but it may be questioned whether 
in the more gentle folds, such as the fold which appears to bo indicated 
by the sandstone ridge above mentioned in sees. 5 and 6, T. 1 S., R- 
5 W., oil or gas are as likely to accumulate, even if tho beds on the 
crest of the fold are in reality higher than those on the point of the 
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Prospecting for gas in the Duncan field should be carried on along 
the crest of the anticline as indicated on Plate VIII, the first well 
being placed about half a mile south of the present productive wells. 
If the first well is successful other wells may be drilled at intervals 
of about half a mile along the axis to the southeast until the limit of 
the pool in this direction is reached. 

The gas probably extends also about half a mile northwestward 
along the axis from the present productive wells. 

The chances for obtaining oil in large quantity in the immediate 
vicinity of the gas weUs would appear to be poor, inasmuch as the 
deep well in the SE. i NW. \ sec. 12, T. 1 N., R. 6 W., was unpro- 
ductive. Oil may possibly be foimd beyond the limits of the gas pool 
tx) the southeast along the anticlinal axis as indicated on Plate VIII, 
but this possibility can be tested only by systematic exploration of 
the gas pool in that direction as indicated above. 

As the gas-bearing sand now known in the Duncan field lies 900 feet 
above the base of the Permian, and as lower Permian sands produce 
oil and gas in neighboring fields, the field can not be considered as 
thoroughly tested until the base of the Permian on the crest of the 
anticline is reached by the drill. The approximate depth to the base 
of the Permian at any given point, the elevation of the surface being 
known, may be estimated from the structure contour linos given on 
Plate VIII as follows : If at any given point the elevation of the surface 
is 1,100 feet and the elevation of the gas sand as indicated by the 
contours on Plate VIII is 280 feet, the gas sand is 1,100 feet minus 280 
feet, or 820 feet below the surface. As the base of the Permian is 
about 900 feet below the gas sand, it is 820 feet plus 700 feet, or 1,720 
feet below the surface at the given point. 

If the Permian sands below the gas sand be foimd unproductive in 
the most favorable part of the Duncan anticline — that is, in the 
vicinity of the wells already drilled or just southeast of them — they 
will probably be barren in other parts of the field. If, however, they 
are found to carry oil or gas in paying quantity test wells in other 
parts of the field should reach them. 

COMPOSITION OF GAS IN THE DUNCAN FIEIiD. 

Below is a report of an analysis made by the Biu'eau of Mines of a 
sample of gas, collected in the Duncan field by the author of this 
report. 

The sample was taken September 25, 1914, from a well drilled by 
W. G. Skelly in the NE. i SE. i sec. 12, T. 1 N., R. 6 W. 
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Analysia of gas from the Duncan JUld, Oklahoma, 

[Laboratory No. 5863.] • 

COa 0.4 

CH4 9L9 

CaHj , 4.1 

Na 3.6 

Total 100.0 

Specific gravity (air=l), 0.59. 

Heating value at 0® 0. and 760 miUimeters pressure, 1,055 British theimal unit^. 



A RECONNAISSANCE IN PALO PINTO COUNTY, TEXAS, 
WITH SPECIAL REFERENCE TO OIL AND GAS. 



By Cabboll H. Weoemann. 



INTRODUCTION. 

• 

The presence of oil and gas in Palo Pinto County, Tex., has been 
known for a number of years. Wells drilled for water at Mineral 
Wells, on the east border of the county, encountered " showings " of 
oil and gas. Several gas seeps were known to ranchers north of Palo 
Pinto, in the central part of the county, and a small gas field was 
discovered several years ago on lands held by the Texas & Pacific 
Coal Co., near the towns of Strawn and Thurber, in the south- 
western part. 

The reconnaissance here reported was undertaken by the United 
States Geological Survey in the fall of 1914, in order to determine 
whether anticlines which might have influenced the accumulation of 
oil were present in the region and to point out, if possible, areas in 
which drilling might be successful. 

The author was assisted both in the field and in the office by Mr. 
Ralph W. Howell, of whose careful work he desires to express his 
appreciation. Thanks are due to many residents of the district who 
have supplied valuable information. 

In the time available for the work it was impossible to make an 
examination of the whole county, and therefore an area was chosen 
in which, from the nature of the outcrops and the character of the 
country, geologic work could be carried on most rapidly and in which 
also there were indications of gas. This area (see fig. 4) lies in the 
north-central part of the county and includes the prominent escarp- 
nient that trends northeastward about 4 miles northwest of the town 
of Palo Pinto. This escarpment is capped by thick beds of limestone, 
and a well-known point along it is a high butte south of Brazos River 
known as Kyle Mountain. The group of limestone beds constitutes 
stratigraphically and structurally one of the best horizon markers 
in the field. 
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HISTORY OF DEVELOPMENT AND DESCRIPTION OF OA8 



At the time of the examination the only important oil or gas 
development in the region was that of the small gas field southwest 
of Strawn, in the extreme southwestern part of the county. This 
field had been developed by the Texas & Pacific Coal Co.^ operating 
at Thurber, and contained nine or ten gas wells ranging in capacity 
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FiGUKB 4.— Index mnp of Texas showing area examined in Palo Pinto County. 



from 273,000 to a little over 2,000,000 cubic feet a day. The daily 
production of the entire field was estimated at about 8,700,000 cubic 
feet. The gas was obtained at about 400 to 600 feet below the surface, 
the depth depending on the position of the well with reference to a 
small local dome which appears to have controlled the accumulation. 
Since this examination was made an oil field has been discovered 
about 3 miles northwest of the gas field and northwest of the town 
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of Strawn, and drilling is being actively carried on, not only in the 
vicinity of the new field but throughout the area. 

In the town of Mineral Wells, at the east side of the county, small 
showings of oil have been encountered at a depth of about 100 feet 
in wells drilled for mineral water. The strata here dip at a low 
angle to the northwest, and on the W. W. Johnson place, IJ miles 
north of the town, a small amount of heavy oil was encountered in 
this same sand at a depth of 350 feet. About 1^ miles northwest of 
the town, in the Crenshaw well, several gallons of oil was encoun- 
tered at a depth of 520 feet, in a sand about 300 feet below that 
which carries the mineral water at Mineral Wells. 

In the north-central part of Palo Pinto County a gas seep occurs 
about a mile northwest of Kyle Mountain and half a mile east of 
Brazos River. Gas bubbles here rise in a pool of w^ter in the bed of 
a small tributary of the Brazos. The bottom of the pool is limestone. 
On the Dalton ranch, about a quarter of a mile northeast of this 
gas seep, a well has been drilled which is said to have encountered 
a small flow of gas at 385 feet below the surface and a greater flow 
at 854 feet. It is reported that this gas, being lighted at the mouth 
of the casing, burned for almost a year. No odor of gas could be 
detected in this old well at the time of the writer's examination. 
Within a few rods of this well another test hole is at present being 
drilled by the Crazy Oil & Gas Co. 

About 3 miles north and a little east of the last-named locality, 
on the west bank of Dark Valley Creek, 1 mile north of Brazos 
River, is a well which is said to have obtained a good showing of 
gas. The casing was open at the time of the examination and the 
odor of gasoline could be detected. A lighted paper dropped into 
the casing produced an explosion. Bubbles of gas were observed 
rising in the mud and water at the mouth of Dark Valley Creek, 
but the nature of the gas was not determined. 

TOPOGRAPHY. 

The region is one of considerable relief, some of the hills rising to 
heights of 500 feet above the valley floors. The ruggedness of the 
surface is produced by a series of escarpments which trend in a 
northeasterly direction and are formed by the outcropping edges of 
sandstone and limestone beds that dip at low angles to the north- 
west. The most prominent of these escarpments, about 200 feet 
above the adjacent plain, is that formed by the group of limestone 
beds which caps Kyle Mountain. Northwest of this escarpment the 
country is very rough and in part is heavily timbered. East of the 
escarpment is a belt of comparatively open country about 5 miles 
in width, the surface of which, formed by a limestone bed lower than 
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that which caps Kyle Mountain, is covered only by a growth of mes- 
quite. The eroded edge of this lower limestone bed forms the crest 
of another escarpment, southeast of which are a series of timber- 
covered escarpments formed by sandstone strata. 

The county is crossed from northwest to southeast by Brazos 
River, which flows in wide intrenched meanders, suggesting that its 
course was chosen when it flowed on a low-lying and featureless 
plain, which has since been uplifted and eroded. The present stream 
valley is comparatively narrow and is bordered by high bluffs. 

STRATIGRAPHY. 

Palo Pinto County lies on the east side of the Carboniferous area 
which in Texas extends from Bed River on the north to San Saba, 
McCulloch, and Concho counties on the south and in its widest 
part from Parker County on the east to Jones County on the west. 
Throughout most of this area the strata have a prevailing dip to 
the northwest. On the east the Carboniferous rocks are covered by 
Cretaceous deposits, which overlie them unconf ormably. On the west 
the Cisco, which is regarded as the uppermost formation of the 
Pennsylvanian, is overlain by the Permian " Red Beds." 

In Palo Pinto County only two formations are exposed at the 
surface, both of which are of Pennsylvanian age but older than the 
Cisco, which is not present in the county. The older of these for- 
mations, the Strawn, is about 1,700 feet thick,* and the younger 
formation, the Canyon, about 750 feet thick. In the Strawn forma- 
tion are included the Strawn and Millsap formations as originally 
named by Cummins,* who, however, later modified his definition of 
the Strawn to include the " Millsap." 

The base of the Strawn formation is not exposed in this region, 
being covered by the Cretaceous deposits on the east. The formation 
consists mainly of alternating beds of dark shale, gray shale, sand- 
stone, and conglomerate but includes several thin beds of limestone. 
Its upper limit is placed, according to Cummins, at the base of the 
heavy beds of limestone of the formation above. About 700 feet 
below the top of the Strawn formation is the coal bed mined at 
Thurber, Gordon, and Strawn, and formerly mined 4 miles east of 
Mineral WeUs. 

The Canyon formation overlies the Strawn and consists of thick 
beds of limestone, sandstone, and gray shale. To quote from Cum- 
mins: "This division is characterized by the heavy beds of lime- 

1 Gordon^ 6. 11., Geolof^y and under^ound waters of the Wichita region, north-central 
Texas: U. 8. Orel. Survey Wator-Siipply Paper 317, p. 15, 1913. 

s Cammins, W. F.,« Report on the geology of northwestern Texas : Texas GeoL Surrey 
Second Ann. Rcpt., p. 374, 1890. 
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stone found in it and is easily recognized by this fact, the limestones 
in other divisions being much thinner bedded." He states also that 
limestones of this formation may be observed at Palo Pinto. This 
town is built on a limestone bed which is about 400 feet below that 
capping Kyle Mountain and which forms the escarpment crossed by 
the Mineral Wells road, 2 miles east of Palo Pinto. As there is no 
lower limestone bed of prominence exposed in this area, it is prob- 
able that the rock on which Palo Pinto is built was considered by 
Ciimmins as the basal bed of the Canyon formation, and it is so 
represented on the accompanying map (fig. 5, p. 56). 

Of the several escarpments which cross Palo Pinto County from 
northeast to southwest and are formed by the outcropping edges of 
sandstone and limestone strata, three are particularly prominent — 
the one just described, formed by the basal limestone of the Canyon 
formation ; a second, of which Kyle and Wolf mountains are a part 
and which is formed by a limestone bed 400 feet above the base of 
the Canyon formation; and a third, which lies north of the Texas 
& Pacific Kailroad, between Brazos and Gordon, and is formed by 
a sandstone of the Strawn formation, a little above the Thurber 
coal bed. In tracing these three escarpments from northeast to 
southwest across the county they appear to converge, as if the dip 
of the rock strata increased slightly in that direction. 

METHODS OF FIEIiD WORK. 

Geologic observations to determine structure were confined in the 
present examination to the limestone bed which forms the second 
of the escarpments just mentioned and which is well exposed in 
Kyle Mountain, north of Palo Pinto. By a system of plane-table 
triangulation, together with vertical angles read with a telescopic 
alidade, numerous elevations were taken on the top of this limestone 
bed at intervals along the escarpment for a distance of 16 miles. 
From these observations it has been possible to make a structure- 
contour map of the surface of this limestone, showing the shape of 
the folds into which it has been thrown and the relations of these 
folds to the gas seeps and gas wells in the region. 

INTERPRETATION OF STRUCTURE CONTOURS. 

The structure contours given in figure 5 are drawn upon the sur- 
face of the 60-foot limestone bed and represent the folded surface 
of that bed as it was before parts of it were removed by the action 
of streams. Every point along any one contour line is at the same 
elevation above or below sea level, and the lines are drawn to show 
differences of 20 feet iti elevation. 
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To one unfamiliar with the interpretation of structure contours 
the following somewhat fanciful conception may be of asEdstaoce. 
Were it possible to remove all the overlying strata and to walk 




of Palo Pinto. Tei 



about on the upper siirfiice of tlie limestone bed the course followed 
by one who endeavored to walk always at an elevation of, say, l.'iW 
foet above the sea, never stepping np or down, would be that indi- 
cated by the 1,200-foot contour on the map. When the pedestrian 
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came to a knoll or jutting point he would be compelled, if he did not 
wish to ascend, to walk around its side. When he crossed the valley 
that lay between this knoll and the next he would be compelled, if 
he did not wish to descend, to walk up the valley to a point where 
its floor was level with that of the hillside which he had just left. 
His course, in other words, were it represented by a line, would 
represent the form of the hills and valleys or their contour. A 
series of lines drawn at regular intervals above sea level will indi- 
cate very clearly, to one accustomed to the reading of contours, the 
form of the surface represented by them. 

STRUCTURE. 

The dominant structure in north-central Texas west of the Creta- 
ceous area is a monocline in which the beds dip toward the northwest 
at the rate of about 40 or 50 feet to the mile. Superimposed upon 
this monocline there are, in certain localities, small cross folds, the 
axes of which trend in a northwesterly direction, at right angles to 
the prevailing strike of the rocks. It is these cross folds which 
appear to have been the chief factors in determining the places of 
accumulation of oil and gas. The broadest cross fold in the part 
of Palo Pinto County which w^as examined in greatest detail in the 
present work lies in the vicinity of Kyle Mountain, 4 miles north 
of the town of Palo Pinto. Kyle Mountain is about 2 miles south- 
east of the main line of the escarpment, and the limestone bed which 
caps it is evidently the same as that forming the escarpment. There 
is, however, a difference of only about 50 feet in altitude between the 
thick limestone bed on Kyle Mountain and that of the main escarp- 
ment, whereas if the normal dip prevailed at this locality, the bed on 
Kyle Mountain should be at least 100 feet above that on the escarp- 
ment. There is at this locality, therefore, a change of dip such as 
is found in many places near the axes of cross folds. The pres- 
ence of a cross fold is demonstrated also by other observations taken 
along the line of the escarpment. 

The gas seep on the Dalton ranch, 1 mile northwest of Kyle 
Mountain, is a little south of the axis of this fold, which extends 
in a northwesterly direction. (See fig. 5.) The old well on Dark 
Valley Creek 1 mile above its mouth is near the axis of the syncline, 
on the opposite side of the fold. From dip and strike readings 
taken on the limestone bed ex2>osed near the old well there appears 
to be at this locality a small local roll which may accoimt for the gas 
found in the well. The prominent hill 4 miles due north of the 
bridge over Brazos Kiver and 4 miles west and a little south of 
Oraford appears to be near the axis of another and smaller anticline. 
The beds at the southeast end of this hill dip to the northwest, but 

98867*'— Bull. 621—16 5 
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2 miles farther west the strike changes until the beds dip to the west, 
as if this anticline were separated from that of Kyle Mountain by a 
shallow syncline whose axis lies in the vicinity of Dark Valley Creek. 
(See fig. 5.) In Wolf Mountain the strike of the beds appears to be 
approximately north, a fold northeast of Wolf Mountain being sepa- 
rated from the Kyle Mountain fold by a shallow sjmcline. How far 
the Kyle Mountain fold extends toward the southeast has not been 
determined, but it is probable that a minor fold of this nature would 
not extend for any great distance. 

Details of structure were not worked out in other parts of the 
area. The gas wells in the Thurber field, 3 miles southwest of 
Strawn, appear to be on a small dome or anticline, as is shown by 
a comparison of the logs of the wells. 

A thin bed of limestone half a mile west of Brazos strikes N. 72^ E. 
and dips toward the northwest at low angles. At Mineral Wells 
the strike of the beds is N. 41° E., and on Brazos River between 
Mineral Wells and Palo Pinto it is N. 61° E. Northwest of Santo a 
broad semicircular valley about 3 miles wide is bordered by steep 
escarpments capped by a thick bed of sandstone. From a brief in- 
spection of this locality the beds appear to be very nearly horizontal. 

Olli AND GAS. 

Gas was encountered in the well on the Dalton ranch, 1^ miles 
northwest of Kyle Mountain, at depths of 385 and 854 feet. The 
limestone bed which forms the surface at the Dalton well api)ears 
to be that which caps a prominent escarpment a little west of the 
Thurber gas field, and from a study of the well logs in that field 
it seems probable that the gas is derived from the same sand as 
that which was encountered at '840 feet in the Dalton well. This 
sand lies about 140 feet below the Thurber coal. The oil reported 
from the Crenshaw well, about 1^. miles northwest of the town of 
Mineral Wells, appears to have been derived from beds at this same 
horizon. The mineral water and "showings" of oil at Mineral 
Wells are obtained from a sand about 300 feet above the Thurber 
gas sand. 

The Dalton well is on the flank of the anticline north of Kyle 
Mountain, and as it did not obtain oil or gas in commercial quantity 
from the Thurber gas sand or from any higher bed, it is prob- 
able that if oil or gas are to be found in commercial quantity in the 
Kyle Mountain anticline they must be sought in deeper sands. It 
is reported in the trade journals that the new oil field northwest 
of Strawn obtains its oil from a sand lower than that producing gas 
in the field west of Thurber. If this report is correct, there is a 
chance of obtaining either oil or gas in the equivalent of this sand 
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in the Kyle Mountain anticline. This anticline is now being tested 
by a well being drilled close to the old Dalton well. If gas should 
1)6 encountered in this test well, oil is probably to be sought down 
the dip to the northwest and gas up the dip to the southeast. If oil 
bhould be encountered in the test well, future drilling should be done 
either northwest or southeast of the first well along the axis of the 
anticline, but the wells should not be placed very far apart, as the 
extent of the anticlinal structure in these directions is unknown. If 
the well should prove to be a dry hole, it is probably useless to expect 
that the sands tested by it will be found productive in other parts of 
the Kyle Mountain anticline. 

A fold similar to the Kyle Mountain anticline but less extensive 
appears to lie about 4 miles north of the Brazos River bridge on 
the Palo Pinto-Graford road. This fold, though presumably not so 
favorable to oil accumulation as the Kyle Mountain anticline, may 
contain deposits of oil or gas and should be tested by a well southwest 
of the southeast extremity of the high bluff or mountain which lies 
north of its axis. (See fig. 5.) Another anticlinal fold occurs 
between Kyle and Wolf mountains. 

The probabilities are somewhat against the finding of oil or 
gas in the synclines which lie northeast and southwest of the Kyle 
Mountain anticline. 

WATER SUPPLY AT MINERAIj WISULS. 

The possibility of finding soft water near Mineral Wells at greater 
depths than any yet reached by the wells in that town is a question 
of considerable local interest, and although it has no bearing on the 
occurrence of oil it may not be out of place to discuss it here. 

Soft water of good quality is now obtained from a sand about 50 
feet below that which carries the "mineral water." This soft-water 
sand apparently lies about 70 feet above the Thurber coal. At 
Thurber several deep wells have been drilled by the Texas & Pacific 
Coal Co., but in none of them was good water obtained in beds below 
the coal. Numerous sands were encountered, but the water contained 
in them was either salty or charged with "alkalies." Considering 
these facts, the chances of obtaining a good water supply at Mineral 
WeUs by deep drilling into the beds tested at Thurber appear to be 
poor. 



POSSIBILITIES OF OIL IN THE PORCUPINE DOME, ROSEBUD 

COUNTY, MONTANA. 



By C. F. BowEN. 



INTRODXTCTION. 



Requests for information concerning possible occurrences of oil and 
gas in Montana are frequently received by the Geological Survey. 
Partly to meet this demand for information, partly because the area 
described has attracted more or less local attention as a possible oil 
field, and finally, to place before the public information concerning 
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tbe log of the deep well drilled for water at Vananda, on the Chicago, 
Milwaukee & St. Paul Railway, this paper has been prepared. 

The examination has demonstrated the existence of structural and 
stratigraphio conditions suitable for the accumulation of oil and gas 
i^ these substances were originally contained in the strata, but it has 
not proved their existence in the area examined. In fact, there 
^e no known surface indications of oil or gas in this area, and no 
well other than the water well mentioned above has been drilled to 
determine whether or not they occur below the surface. 
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In the following pages it is proposed to describe the stratigraphy 
and structure of the area, to point out some of the more commonly 
recognized principles controlling accumulations of oil and gas, and 
to apply these principles so far as practicable to the area under 
consideration. 

The Porcupine dome lies north of Forsyth, east of the Chicago, 
Milwaukee & St. Paul Railway, and is included in the drainage basin 
of PfWcupine and Little Porcupine creeks. It includes Tps. 7 to 12 
N., Rs. 36 to 40 E. of the principal meridian, Montana. (See fig. 6.) 

BASIS OF REPORT AND MAP. 

The information here presented regarding this field was obtained 
by C. A. Bonine and the writer in the summer of 1914 while making 
a reconnaissance survey of an area lying principally to the north and 
northwest of the Porcupine dome. In the prosecution of that work 
the eastern and northern margins of the dome were examined and 
mapped in more or less detail. Information concerning the remainder 
of the area is based on two hasty reconnaissance trips across it 
dining the progress of the work. 

The accompanying map (PI. X) has been compiled from township 
plats of the General Land Office, from the writer's field sheets, and 
from such information as was obtained in the reconnaissance trips 
referred to above. Because of the lack of detailed knowledge of the 
southern and western parts of the area the geologic boimdaries and 
structure of these parts can not be accurately depicted and no attempt 
has been made to do more than outline roughly the area of tho dome 
and show its general structure. These representations are merely 
approximations and will be modified as to details by future careful 
work, but it is beUeved that the general features are in the main cor- 
rect. In the eastern and northern parts of the field, where more 
detailed work was done, the formations, except the Colorado and 
Claggett, are differentiated and their boundaries accurately located. 

OEOIiOGY. 



GENERAL SECTION. 

The formations exposed at the surface in this area extend from the 
Lance formation down to the upper part of the Colorado shale, 
inclusive. A deep well put down at Vananda by the Chicago, Mil- 
waukee & St. Paul Kailway Co., in an attempt to obtain an adequate 
supply of water for railway and domestic use, is behoved to have 
penetrated the underlying rocks down to the Kootenai or some related 
formation. Through the courtesy of the railway company the writer 
is permitted to publish the record of this well, and it is therefore 
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possible to present a section of the formations represented in this 
part of Montana extending from the Lance down to the upper part 
of the Kootenai ( t). These formations include in ascending order the 
Kootenai O), Colorado, Claggett, Judith River, Bearpaw, and Lance. 
The sequence, character, and thickness of these formations are shown 
in the geologic table and well record given below. 

One noteworthy fact brought out by the well record and by the 
areal mapping of the surface formations is the absence of the Eagle 
sandstone, which forms so conspicuous a unit at the base of the 
Montana group farther west. The writer was able to determine 
within very narrow limits the easternmost point at which the Eagle 
can be recognized, and can positively assert that it is not present as 
a mappable unit east of Musselshell River. 

Geologic formations exposed in the Porcupine dome^ Montana, 



System. 


Group. 


Formation. 


Thickness. 


Character. 


QoftteniAry. 






Feet. 


Alluvial gravel, sand, and silt alonr Yel- 
lowstone and Musselshell rivers and some 
of the smaller streams. 


Tartiary(T). 




Lanoe formation. 




Brown, Irregularly bedded sandstone, alter- 






Bearpaw shale. 


900-1, lOOi: 


Dark-gray shale In which occur calcareous 
ooncreUons containing marine inverte- 
brate fossils. 


CratBoeoas. 


Judith River for- 
mation. 


100-200:1: 


Upper sandstone member, light-brown to 
light-gray massive sandstone. Middle 
member, light-gray to dark-gray shale. 
Lower member, sandstone, which weath- 
ers brown and nves rise to large bowlder- 
like masses. The formation is of fresh- 
water origin in the western part of the 
field and of marine origin in the eastern 
part. 




ClageettandColo- 
rado shales. 


3,000 


Dark-gray to black shale; upper part highlv 
plastic when wet and contains fossils 
characteristic of the Claggett formation; 
lower part slightly darker in color, more 
flssOe and less plastic when wet, and con- 
tains fossils of Colorado age. 
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KOOTENAI (?) FORMATION. 



The Kootenai (?) formation, according to the writer'a interpreta- 
tion of the Vananda well record, was encountered at s depth of 
3,200 fi-et and was penetrated hy the drill to a depth of 157 feet. 
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This part of the formation consists mainly of alternate layers of red 
and white shale, overlain by a thin bed of limestone, and this in turn 
by a bed of sandstone 40 feet thick. In the upper part of this sand- 
stone water was encountered, which rose within 50 feet of the mouth 
of the well. As this is the only sandstone below the 215-foot level 
which contained water, it suggests that the sandstone bed near the 
base of the Colorado is too fine grained to permit the ready circula- 
tion of liquids. 

COLORADO AND CLAGOETT SHALES. 

That part of the undifferentiated Colorado and Claggett forma- 
tions which represents the Colorado consists chiefly of dark-gray to 
black, somewhat fissile shale, containing some intercalated thin 
layers of sandy shale and sandstone in its upper part and, according 
to the interpretation of the driller of the Vananda welly thin beds of 
limestone and sandstone near the base. The sandy phases observed 
in the field in the upper part of the formation are not recorded in the 
log of the well, an omission which indicates that they are either 
lenticular in character or were overlooked by the driller. In some 
places the shale contains numerous large limestone concretions, but 
whether or not these are characteristic of any definite hQiizon was 
not ascertained. 

That part of the undifferentiated beds corresponding to the Claggett 
consists of 600 or 700 feet of dark-gray shale that becomes exceed- 
ingly plastic when wet. Calcareous concretions occur throughout 
this part of the formation but are exceptionally prevalent near the 
top, where many of them show a well-developed cone-in-cone struc- 
ture. The Colorado and Cla^ett are so similar in lithologic charac- 
ter that they were not differentiated in this area, the chief distinc- 
tion between them being the absence of sandy phases in the Claggett 
and its greater plasticity when wet, less fissile character, and slightly 
lighter color. The two formations can, perhaps, be acctu'ately 
differentiated in this area only by a careful study of their contained 
fossils. 

JUDITH BIVEB FORMATION. 

The Claggett is overlain by sandstone and shale of marine origin, 
which correspond stratigraphically to the fresh-water Judith River 
formation farther west. This formation consists of two massive 
sandstones, separated by an intervening shale, having a total thick- 
ness at the head of Porcupine Creek of about 125 feet. Below this 
there is a sandy transition zone to the typical dark shale of the 
underlying Cla^ett. The upper 200 feet of the Vananda well log 
represents this formation; whether it represents all of the formation 
or oidy a part of it is not positively known, but the writer is of the 
opinion that only a part of the Judith Biver formation is represented 
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in the well record. If this opinion is correct the formation is eithe 
considerably thicker at Vananda than in the area in which it wai 
mapped, or the transition zone to the Oaggett has been interpreted 
by the driller as consisting largely of sandstone. 

BEABPAW AND LANCE FORMATIONS. 

The Judith River is overlain by the Bearpaw shale, which has th 
same physical and lithologic characters as the Claggett. The Beat 
paw is succeeded by sandstone and shale of the Lance formatioo 
which are of fresh-water origin. ^ 

IGNBOTTS BOCKS. 

A vertical dike about 9 feet thick and half to three-quarters of 
mile long occurs on the top of the divide west of Stellar Creek, proll 
ably near the north boundary of T. 10 N. The dike is a reddisll 
brown vesicular rock containing small flakes of biotite, a considej 
able proportion of calcite, and numerous inclusions of black shaL 
the largest of which is more than 2 inches in longest diameter. ] 
the thin section this rock is seen to be so thoroughly altered that i 
original character can not be determined. The matrix consis 
almost wholly of calcite and f erritic material in which occur blad 
and flakes of biotite and an occasional small cryptocrystalline phenj 
cr]^t having about the index of Refraction of qui^i;z or feldspa 
This is the only occurrence of igneous rock noted. 

STBtJCTUKE. 

The dominant structure of this area is that of an elongate, rough 
triangular dome whose outUne is indicated by the inner margin 
the Judith River formation. Within that margin the dome hasj 
maximiun north-south diameter of about 33 miles and a maximui 
east-west diameter of 27 miles. Along the east and north sides ( 
the dome the Judith Kiver formation dips away from the axis i 
uplift at angles ranging from 1^ to 8°, the steeper dips being on tlh, 
east side. The dips on the west side of the dome have not been 
accurately determined, but are thought to range from 1^ to 4°, 
except perhaps locally. Minor folds, such as are known to occur 
farther out in the surrounding plains, may also exist within the 
domed area, but details of this character have not been worked out. 

FACTORS CONTROLLING THE ACCUMUIiATION OF OIL 

AND GAS. 

For the accumulation of oil and gas there must be (1) a competent 
source of supply; (2) a proper receptacle for their accumulation and 
retention; and (3) structural conditions permitting their concentra- 
tion into a small area (a so-called ''pool") from their originally dis- 
seminated condition in the rocks in which they originated. 
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With regard to the source of supply it may be stated, without 
entering into a discussion of the origin of oil or gas, that they are 
found in commercial quantities only in sedimentary rocks and proba- 
bly originated from organic matter entombed within the strata at 
the time of their deposition. There is also a vague but general im- 
pression among geologists that much of the oil and gas now foimd 
in pools has been derived from shale, though it is also recognized that 
fossiliferous limestone and possibly sandstone are also adequate 
sources of supply. 

The presence of oil or gas in the rocks may be indicated at the 
surface by the occurrence of oil seeps or springs, gas emanations, 
asphaltic deposits, or rocks impregnated with bitimiinous matter or 
emitting a petroliferous odor. The existence of any or all of these 
surface indications does not demonstrate that oil and gas occur in 
commercial quantities, as such indications are known in regions 
which on development have proved to be unproductive. On the 
other hand, lack of surface indications is by no means conclusive 
proof that oil and. gas do not occur; many of the most productive 
pools furnish no surface evidence of the existence of oil or gas. It 
may be laid down as a fimdamental principle, therefore, that the 
existence of oil or gas in commercial quantities can be demonstrated 
only by the drill. 

As originally formed in the parent rock, whatever its character, 
oil and gas exist in a widely diffused state, and in order to be available 
for commercial use they must be collected into local areas called 
pools. That this condition may be realized, a proper receptacle must 
be available for their accumulation and retention. Such a recepta- 
cle consists of a porous mediimi (sandstone, porous limestonCi or 
fractured shale), hermetically sealed above by some relatively imper- 
vious body, such as a bed of shale or clay or a water-saturated stratum. 

The existence of a proper receptacle may be ascertained by a sur- 
face study of the formations, if these are exposed within or adjacent 
to the area under investigation, provided the formations or their 
individual members are continuous in extent. On the other hand, 
if the beds are lenticular, a surface study of the formations may be 
of Uttle value in determining the existence of porous members or the 
depth at which they may be encountered in any particular locality. 
In such areas the required information, like that regarding the occur- 
rence of the oil, can be obtained only by drilling. 

The structural conditions tmder which gas and oil accumulate are 
manifold, but in this discussion the simplest conditions are assumed, 
namely, that the structure is regular and that the oil rock is homoge- 
neous, of continuous extent, and overlain by an impervious cover. 
Perhaps the only definite statement possible is that oil or gas do not 
generally accumulate in commercial quantities in strata which are 
perfectly fiat. In order for concentration in commercial quantities 
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to be accomplished y it seems necessary that the strata shall have he&a 
flexed, tilted; or folded in some manner. The structural forms which 
experience has shown to be most favorable are domes, anticlines, 
terraces, monoclines, synclines, and fissures, named perhaps in the 
order of their value. 

The structural position of gas and oil pools seems to depend largely 
on the character of the strata, the presence or absence of water, and 
the character of the oil. Of these factors the degree to which the 
receptacle is saturated with water seems to be of first importance. 
Experience has demonstrated that the following statements generally 
hold good: (a) If the strata are saturated with water, the gas and 
oil, being the lighter, will be forced to the highest available point, 
and will therefore occupy the crests of domes or anticlines. (J) 
These conditions, however, will be modified if the strata, instead of 
having a regular dip from the apex to the margins of the dome or 
anticline, descend irregularly, producing a stepUke or "terraced" 
structure. In this event the oil and gas will be likely to accumulate 
on the flats or terraces, (c) If the receptacle is only partly saturated 
with water, the oil and gas will occur on the limbs of folds at the upper 
level of saturation, (d) If the strata are dry, the oil and gas will 
migrate to the lowest available point of the receptacle — that is, to 
the axis of the syncline, the terraces of a monocline, or the limb of a 
fold, or to a point where further downward migration is prevented 
by some other cause, (e) If both oil and gas are present in the same 
stratum, the gas, being the lighter, will usually though not invariably 
be found above the oil. 

Factors tending to modify the above statements are lenticularity 
of the receptacle, its varying degrees of porosity, variations in the 
viscosity and specific gravity of the oil, the readjustment of the water 
level since the accumulation of the oil and gas into pools, subsequent 
tapping of the pools either by fracturing or erosion, which may allow 
the accumulated material to dissipate slowly into the air or surround- 
ing strata, and possibly variations in the direction and degree of 
movement of water in the rocks. 

Stated in another way, under the influence of gravity alone oil 
would migrate to the lowest point of the porous stratum, but as the 
effect of gravity is modified by the above-named factors the oil col- 
lects at the lowest available point, whether this be the axis of an anti- 
cline or syncline or some intermediate position. 

In applying the foregoing principles to the area imder discussion 
the following facts may be stated: (a) There are no known surface 
indications (oil seeps, gas emanations, asphalt deposits, or strata 
impregnated with bitumen or emitting bituminous odor) of oil or gas 
in the area, (h) The structure consists of an elongate dome having 
a north-south extent of about 35 miles and a maximiim east-west 



OIL IN THE PORCUPINE DOME, MONT. 69 

extent of 25 miles. Around the periphery of the dome the strata, so 
far as examined, have regular and rather uniform dips of 1^ to 8*^; at 
the crest of the dome they are probably almost flat, (c) Sandstones 
which might have been utilized for the accumulation of oil and gas, 
if such substances were present in the surrounding rocks, occur in 
the Judith River formation (now eroded from the center of the dome), 
near the base of the Colorado shale, and in the imderlying Kootenai ( ?)• 
(d) Save for the Vananda well this field is entirely undeveloped. 

From these facts the following inferences may be drawn: (a) The 
lack of surface indications of oil and gas suggests strongly that these 
substances do not occur in the Judith River formation, which is ex- 
posed at the surface, but is no proof of their presence or absence at 
the base of the Colorado or in the underlying Kootenai (?), as these 
formations lie at depths of 2,100 to 2,300 feet below the top of the 
Colorado shale and probably about 1,500 or more feet below the crest 
of the dome, (b) In so far as the structure alone is concerned, it is 
favorable for the accximulation of oil and gas into pools, (c) The 
sandstones of the Judith River formation are not probable recep- 
tacles of oil or gas, as these sandstones are well exposed in the field 
and show no indications of the presence of any bituminous substance. 
id) Oil or gas may or may not occur in the sandstones at the base of 
the Colorado and in the underlying Kootenai (?). Sandstones at 
similar stratigraphic positions are oil bearing in Wyoming. The 
Colorado shale is the chief source of oil in the Salt Chreek, Bighorn 
Basin, and southwestern Uinta County fields and contains small 
quantities in the Douglas, Moorcrof t, and Lander fields. Sandstones 
underlying the Colorado, ranging in age from Morrison to Dakota 
and therefore in the approximate position of the Kootenai ( ?), contain 
small quantities of oil in the Bighorn Basin, Powder River, Douglas, 
and Moorcrof t fields. But these formations are not known to be oil 
bearing in Montana, although gas has been found in the Pierre shale 
near Olendive. (e) The failure of the Vananda well to encoimter oil 
or gas (so far as the record available to the writer indicates) does not 
conclusively demonstrate the absence of these substances, because 
the Vananda well is on the southwest flank of the dome and so far as 
known is not on a structural terrace or other irregularity. In dry 
rocks, therefore, such as the sandstone at the 3,050-foot level, the oil 
if present would be likely to accumulate farther down the slope; 
whereas in saturated rocks, such as the sand at the 3,200-foot level, 
oil if present would be more likely to accumulate farther up the slope, 
At the top of the water level. 

Opposed to the favorable structural and stratigraphic conditions 
and the presence of formations known to be oil bearing in other 
^ona is the fact that not a single promising occurrence of oil is 
known in the State. In fact, with a few exceptions, not even traces 
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of oil have thus far been discovered. This is largely true also re- 
garding gas, though indications of gas are more numerous than those 
of oil, and it is reported that gas was encoimtered in considerable 
quantity in the well put down by the Northern Pacific Railway Co. 
near Glendive. 

The apparent scarcity of oil and gas in Montana may be due in 
part to lack of proper and adequate exploration, but it may also be 
due to the absence of these substances in the strata. ^ 

CONCLUSIONS. 

The presence or absence of oil or gas in the Porcupine dome field 
can be demonstrated only by thorough and systematic exploration 
¥nith the driU. The only positive statement that can now be made 
regarding their possible occurrence is that the structural and strati- 
graphic conditions are favorable for their accumulation. The most 
promising place, in the opinion of the writer, for testing the field h 
near the crest of the uplift; that is, on the divide between Porcupine 
and Little Porcupine creeks, probably in Tps. 10 and 11 N., R. 38 E., 
because the underlying sandstones come nearest to the surface there 
and because the water encountered in the sandstone 3,200 feet below 
the mouth of the Vananda well is believed to saturate that stratum, 
and would therefore force the oil and gas, if present, to the crest of 
the anticline. The mouth of the Vananda well has an altitude of 
2,704 feet above sea level. As the water encountered in the sand- 
stone at the 3,200-foot level rose within 50 feet of the surface, the 
water level in this sandstone is about 2,650 feet above the sea, and 
hence if oil occurs in the sandstone it would be expected to occur at 
or below that level. Nothing is known of the attitude of the rocks 
so far below the siuf ace, but if they are approximately paraUel to 
those at the surface, it is probable that the water-bearing sandstone 
does not reach an altitude of much more than 2,650 feet in any part 
of the dome; therefore it is a fair inference that the water-bearing 
sandstone is oompletely saturated with water, and if it contains oil 
or gas they will be found at the crest of the sandstone and near its 
upper surface. For this reason it is advisable to drill near the axis 
of the dome, which, as suggested above, is probably in Tps. 10 and 
11 N., R. 38 E. It can not be emphasized too strongly that the 
exist^ice of oil or gas in this field is at present merely conjectured 
from the favorable structm*e and the fact that formations of the 
same age and character as those represented here are known to con- 
tain oil in other places. Under these circumstances nothing but 
systematic and intelligent exploration should be tmdertaken and all 
haphazard ventures should be discouraged, at least until some con- 
clusive results have been obtained. 

1 Aboat the time this report went to the printer gas was obtaine^^ 1^ a well at Havre. This develop- 
ment has been examined by a geologist of the Survey, and a report on it is in preparation. 



THE LAWTON OIL AND GAS FIELD, OKLAHOMA. 



By Casboll H. Wbgbbiann and Ralph Howell,* 



INTRODUCTION. 

The Lawton oil and gas field, in Comanche County, Okla., is sit- 
uated near the eastern end of the Wichita Mountains, about 5 miles 
east of the city of Lawton. (See PL XI and fig. 3.) In the early 
days of Lawton, in 1901, interest among the settlers is said to have 
been aroused by the fiinding of oil in a well dug for water on C Street 
near what is now the Midland Hotel. This well was 60 or 70 feet 
deep and its water was so tainted by petroleum that the weU was 
finally abandoned and filled in. In 1904 a weU about 90 feet deep is 
reported to have been put down in the southern part of the city 
which produced 3 or 4 barrels of oil a day. The oil was sold in 
Lawton for a period of two or three years. 

Drilling for oil in the field 5 miles east of Lawton was begun in 
1904 and has been continued intermittently up to the present time, 
but the field has not produced either oil or gas in commercial quan- 
tities. About 50 wells have been drilled, more than 20 of which are 
less than 500 feet in depth. 

The writers desire to express their indebtedness to the oil com- 
panies operating in the Lawton field, which have furnished logs of 
their respective wells; also to many citizens of Lawton who extended 
courtesies during the prosecution of the field work. 

TOPOGRAPHY. 

The Lawton field lies in the open plains region of Oklahoma. 
'Vf ter the reduction of the surface to a plain by erosion uplift occurred, 
^d the present streams have cut moderately deep vaUeys below 
the upland surface. The field is drained by Cache Creek, which 
rises in the area north of the Arbuckle Mountains and flows south- 
ward to Red River. The general altitude of the country is about 
1,100 feet. 

' The following report has been prepared by the United States Geological Surrey under a cooperative 
*C>'«emflnt with the Oklahoma Geological Bnryey according to which each furnished a part of the funda 
"«es«ary toe the work. 
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STRATIGRAPHY. 

The Lawton field is only 8 miles from the Wichita Mountains, 
and a discussion of its stratigraphy involves a brief description of 
the geology of the mountain area. The Wichita Mountains con- 
sist of a core of igneous rock which is surrounded by steeply dipping 
strata of early Paleozoic age. At the east end of the uplift the only 
representative of these strata which reaches the surface is a limestono 
formation of Cambrian and Ordovician age, approximately 5,000 feci 
thick, known as the Arbuckle limestone. The granite and limestone 
of the mountains rise abruptly from the surroimding plain like islands 
in a sea. Against them and evidently covering part of their mass 
lie the almost horizontal strata of the Permian ''Red Beds,'' whicli 
form the surface rocks in the Lawton field, as well as in all the area 
surroundmg the mountams. 

The ''Red Beds" consist of alternating layers of shale and sand- 
stone and, associated with the sandstone, thin layers of shale con- 
glomerate whose pebbles consist of the same material as the shale 
forming the principal part of the series. Near the base of the Permian, 
as exposed along the Wichita Moxmtains, there are several thin beds 
of limestone only a few inches in thickness. The shale of the Permian 
is predominantly red, but bluish-gray shale is present, especially near 
the base of the series. The sandstone is white and in some places red 
or pink. The Permian strata bear very few fossils, and none wore 
collected in the Lawton area, although the remains of primitive 
amphibians and sharks as well as fossil plants have been f oimd farther 
south.* 

The most prominent bed or group of beds in the Lawton field 
structurally and stratigraphically is the sandstone that forms the 
low rounded hills east and north of the gas wells. Its outcrop may 
be traced for 12 to 15 miles northwest of the Lawton pool and prob- 
ably much farther along the north flank of the Wichita Mountains. 
The individual beds of sandstone are Itoticular, being interbedded 
with shale, but the group as a whole appears to be continuous over a 
large area in this part of the State. It occupies about the same 
stratigraphic position as the sandstone that forms the high ridge 6 
miles north of Loco, in which grahamite was at one time mined in 
sec. 6, T. 2 S., R. 4 W., and also the prominent wooded ridge extend- 
ing across T. 1 S., R. 5 W., in the direction of the Duncan gas field. 
In the Lawton field the sandstone is barren of timber. This sandstone 
is about 200 feet thick. Some 400 or 500 feet above it lies the sand- 
stone that forms the escarpment about the Duncan gas field, as well 

1 Wegemann, C. H., AntIclixi»I stracture in parts of Cotton and Jefferson ooontieB, Okla.: U. 8. GeoL 
Surytiy BulL 602, pp. 26-27, 1016. 
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)s the line of hills 6 miles northeast of the Lawton field.* The rocks 
between these two sandstones are predominantly shale. 

The character of the strata which imderlie the surface in the 
Lawton field is indicated by the logs of the gas wells. Alternating 
beds of sandstone and shale, the shale for the most part red in color, 
extend to a depth of about 1,150 feet. At 1,165 feet in Marple well 
No. 4 of the Lawton Natural Gas Co. is recorded a bed of soUd lime- 
stone, which was penetrated to a depth of 65 feet. As no limestone 
beds of such thickness are known in the Permian in this region, this 
bed piresumably belongs to a formation older than the Permian and 
is doubtless separated from the red shale which lies above it by an 
ttnconfonnity as great as that which is to be observed along the 
mountains a few miles to the northwest, where the Permian with 
a well-developed basal conglomerate unconformably overhes aU older 
beds. That this unconformity at the base of the Permian is merely 
local in extent and is confined to the vicinity of the Arbuckle- 
Wichita Mountain uplift is indicated by the fact that in day 
County, Tex., where the base of the Permian is also exposed, the 
Cisco formation, the highest division of the Pennsylvanian, appears 
to be conformable with it.* The unconformity at the base of the 
Permian in the region of the Lawton field is economically important, 
as it may have had much influence on the accumulation of the oil. 
(See pp. 76-78.) 

STRUCTURE. 

The Wichita and Arbuckle uphfts are of the nature of great arches 
or anticlines, the free Permian sedimentary rocks which now are 
exposed along their margins having at one time extended completely 
over their crests. The mountains appear to have been produced by 
at least two uplifts — ^the first at the close of Mississippian time and 
ttie second at or near' the end of Pennsylvanian time. Each uplift 
^as followed by erosion and degradation of the mountain mass, and 
the Permian strata were formed of the materials removed from the 
mountains after the second uplift. Since the deposition of the 
Permian beds, perhaps in very recent geologic time, the Arbuckle- 
Wichita axis has been subjected to very slight uplift, which has 
Wt the Permian strata covering the region between the two ranges 
into what appears to be a low anticlinal arch. Only the north Umb 
of this arch can be recognized, because only north of the axis are 
^^ rock strata sufficiently well exposed to make geologic observa- 
tions possible. 

^ Wegemaxm, C. H., The Dancan gas field, Stephens County, Okla.: U. S. Oeol. Survey Bull. 621, pp. 
«-50(BuU.«l-D). 
I J^^^iQii, M. J,, ReoonnfttoBance of the Orandfleld district, Okla.: U. 8. Qeol. Surrey Bull. 574 p. 8, 

98867«»— Bull. 621—16 6 
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The L«awtoii oil and gas pool lies about 8 miles southecust ol 
southeast end of the Wichita Mountains, on the axis of the 
arch just described. As wiU be apparent from an exam in alio 
the map (PL XI), the folds on which oQ and gas occur &re b, 
means simple ones. The type of irregular folding is the saxc 
that which has been found to exist in the Healdton and Ix>c 
and gas fields, as well as in areas examined in TiUman, Cotton 
Jefferson counties, Okla.' 

The principal anticlinal axis in the Lawton fidd extends si 
eastward from the Wichita Mountains and is interrupted by a ni 
syncline which crosses it almost at right angles, and which prol 
contains a small subsidiary dome in sec. 31, T. 2 N., R. 10 W. 
of this dome lies the continuation of the principal axis of tha 
Southeast of the Lawton field, because of the absence of 
exposures, the exact position of the anticlinal axis connectini 
two mountain uplifts can not be determined. 

The marked escarpment formed by the group of sandstone b^ 
the vicinity of the Dimcan gas field, 10 miles east of the to^ 
Duncan, westward to a hill 1 mile north of the town, thence 
westward across the northeastern part of T. 1 N., R. 8 W., ai 
southwestern part of T. 2 N., R. 8 W., and thence in a due norl 
direction past the northeast comer of the Fort Sill Indian R< 
tion to the region northeast of the Wichita Mountains. From 
mountains it is about 6 miles distant. Along the escarpmei 
beds dip at angles of 1^ or less toward the northeast, and the si 
in most places covered with post oak. 

The lower group of sandstone beds which form the hills jm 
of the wells in the Lawton field are not in this area timber coi 
so that the region between the escarpment of the upper grc 
sandstone beds and the oil wells is almost treeless. Ten miles 
east of the weUs, however, in sec. 24, T. 1 N., R. 9 W., a san< 
bed which appears to be of considerable thickness is exposed 
surface is covered with oak timber similar to that which covel 
surface formed by the upper group of sandstone beds. It seemia 
probable that the sandstone exposed in sec. 24 represents this 
group and lies either on the crest of the arch between the Arb 
and Wichita upUfts or south of it. From sec. 24 the edge o 
timbered area may be traced southeastward, and in sec. 32, T. 
R. 8 W., there appears to be a slight dip to the south or south 
The axis of the Wichita-Arbuckle fold probably lies a mile o 
northeast of this locality, and as its trend is southeasterly it pro 
passes about a mile southwest of the town of Dimcan. 

1 Wogemann, C. H., and Heald, K. C, The Healdton oil field. Carter County, Okla.: U. 8. 
Bull. 821, pp. 1^-30, 1916 (Bull. 021-8). Wegemann, C. H., The Looo gas field, Stephcou and 
counties, Okla.: Idem, pp. 31-42 (Bull. 621-C). Munn, M. J., Reconnaissance of the Orandfieldl 
Okla.: U. 8. Qeol. Survey Bull. 547, 1914. Wegemann, C. H., Anticlinal structure in parts 
and Jefferson counties, Okla.: U. 8. Oeol. Survey Bull. 602, 1915. 
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INTERPRETATION OF STRUCTURE CONTOURS. 

The structure contours given on Plate XI are drawn on the surface 
of the "400-foot gas sand" (see PL XII), which appears to he the 
equivalent of the principal gas sand in the Duncan field. As the 
contours in the Duncan field are drawn on the same horizon the maps 
of the two fields may be easily compared.^ The contours represent 
the shape of the folded surface of the bed on which they are drawn. 
Every point along any one contour is at the same elevation above or 
below sea level, the lines being drawn at intervals of 20 feet. To 
one unfamiliar with the interpretation of contours the following 
somewhat fanciful conception may be of assistance. 

Were it possible to remove all the overlying strata and to walk 
about on the surface of the oil sand, the course ioUowed by one Who 
endeavored to walk always at an elevation of 800 feet above the seai 
never stepping up or down, would be that indicated by the 800-foot 
contour on the map. When the pedestrian came to a knoll or 
jutting point he would be compelled, if he did not wish to ascend, to 
walk around its side. When he crossed the valley which lay between 
this knoU and the next he would be compelled, if he did not wish to 
descend, to walk up the valley to a point where its floor was level 
with that of the hillside which he had just left. In other words, his 
course, were it indicated by a line, would represent the form of the 
hills and valleys or their contour. A series of lines drawn at regular 
intervals above sea level shows very clearly, to one accustomed to the 
reading of contours, the form of the surface which they represent. 

Olli AND GAS. 
POSITION OF OIL SANDS. 

Oil and gas are found in the wells of the Lawton field in three dif- 
ferent sands, which are known in the field as the "200-foot," "400- 
foot," and "800-foot" sands. The "200-foot sand" is from 10 to 
30 feet thick, and lies at depths of 150 to 250 feet, according to the 
location of the well with reference to the Lawton anticline. This 
sand has been found in the greater number of the wells and generally 
carries at least a show of oil. In some weUs a production of several 
barrels of heavy oil is reported from this sand, and in at least three 
of the wells gas is reported from it, though only in small quantity. 
In sec. 25, T. 2 N., R. 11 W., and sec. 30, T. 2 N., R. 10 W., there 
is a second sand from 60 to 75 feet below the first one which also has 
yielded a show of oil. This sand, however, is recorded in only three 
of the well logs. 

i W«g«Qiaiiiiy C H., The Duncan gas field, Stephens County, Okla.: U. S. Geol. Survey Bull. 021, pp. 
43-80, 1915 (BoU. eU-D). 
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The ''400-foot sand," which appears to be recogDized in a|Mni& 
wells that are deep enough to reach it, is found at 350 to 4 
below the surface. Where it occurs as a single stratum it 
thickness from 6 to 30 feet. In certain wells two sands are f o 
about this horizon and are separated by shale from 5 to 60 feet 
This sand is reported to yield from 10 to 15 barrels of oil in 
wells, and in Marple No. 2 of the Lawton Natural Gas Oo. a fl 
obtained from it, though lasting only a short time. The oil a; 
to be somewhat lighter in gravity than the oil found in the sh 
sand. In some of the wells gas b reported in the " 400-foot 
Marple No. 1 of the Lawton Natural Gas Co. had an initial 
660,000 cubic feet. In other wells the production has been est 
as high as 1 ,000,000 cubic feet, but no accurate measurements 
to have been made to support these estimates. From a com 
of well logs it is beheved that the ''400-foot sand" in the 
field is the approximate equivalent of the main gas sand in th 
can field.^ 

The "800-foot sand," which has been penetrated in only 13 
appears to be the most promising source of oil and gas in th_ ^^ 
It ranges in depth from 750 to 850 feet and is variously repo "~" 
one bed of sandstone about 90 feet thick or as several beds sep 
by shale. In the Havic & Hall well, on the Epstein farm, 
SW. i NW. i sec. 32, T. 2 N., R. 10 W., this sand was encounter 
depth of 756 feet. In the top 12 feet the sand carried oil; 
came a soft shaly sandstone 14 feet thick, which was imp 
with asphalt; and the lowest 60 feet carried oil, but in small qu 
In the Reading well, in the SE. { NW. J sec. 29, T. 2 N., R, 1 
on the Eadie farm, the sand was struck at a depth of 763 feet, 
feet thick, and carried gas with an estimated initial flow of 1, 
cubic feet. Below the sand is 38 feet of hard red rock, wj 
underlain by 10 feet of sand that did not yield gas. Below thisj 
is a gas sand, which was penetrated only 1 foot and which is sal 
have had a rock pressure of 400 to 500 pounds to the square i 
and an initial flow of gas of 4,000,000 cubic feet. In the well ol 
Lawton Imperial Oil & Gas Co., in the NE, J NW. J sec. 26, T. i 
R. 11 W., the sand was struck at a depth of 800 feet. The fini'r^ 
feet yielded a show of oil, but the next 33 feet carried water. 

ORZGZK OF THB OIL AND OA8. 

If, as is now generally believed, oil and gas are derived from oi^ 
remains, it is evident that rocks that were deposited in wateil 
which life abounded are to be considered a more probable soun| 
oil than those that give little evidence of the existence of plant ^ 

1 Wegemann, C. H., The Duncan gaa Add, Btephws County, Okla.: U. 8. GeoL Bumf BolL tA 
48^50, ldl6 (BuU. 621-D}. 
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animal life at tto time of their formation. The Permian ''Red Beds" 
carry very few fossil remains compared with the rocks of the pre- 
ceding series, the Pennsylvanian* For this reason, if for no other, 
the Pennsylvanian rather than the Permian might be considered as 
the source of the oil and gas which are foimd in the Permian. More- 
over, the Pennsylvanian is known to include in northern Oklahoma 
a great oil-bearing formation, and when this fact is taken into con- 
sideration, it seems more than probable that from the Pennsylvanian 
rocks were derived the oil and gas that are now found in the Permian 
strata in southern Oklahoma. 

If the oil and gas of the Lawton field were derived from Penn- 
sylvanian rocks, they probably rose along the steeply rising beds of 
the Pennsylvanian to the unconformity which exists between the 
Pennsylvanian and the overlying Permian. This unconformity marks 
an old erosion surface on which flat-lying sediments with probably 
a basal conglomerate were deposited, and these sediments doubtless 
are porous strata along which oil or gas might easily migrate. As 
the old erosion surface was somewhat irregular, sandstone beds in 
the lower part of the Permian probably terminate against its irr^u- 
larities, making it easy for oil flowing along the unconformity to find 
its way into the sandstone beds of the overlying formation without 
being compelled to pass through strata of comparatively impervious 
shale. Were the sandstone beds of the Permian gently folded so that 
the influence of anticlinal structure would accelerate accumulation, 
the oil (or gas which later condensed into oil) might traverse these 
beds for several miles before at last finding lodgment near the crest 
of the anticline. Under such conditions the strata in which the oil 
was originally formed would not necessarily immediately underlie the 
place of accumulation. 

The Lawton oil and gas pool lies 5 miles southeast of an outcrop 
of Arbuckle limestone, of Cambrian and Ordovician age, the beds of 
which dip 4^ SE. and strike N. 35^ E. As the thickness of the beds 
between the top of the Arbuckle limestone and the base of the Penn- 
Bylvanian is approximately 5;000 feet, it is evident that if the dip of 
4° holds for any considerable distance east of the outcrop of Ar- 
buckle limestone mentioned above, the beds of the Pennsylvanian 
would lie at a distance of much more than 5 miles east of the Lawton 
field. Even were the dip of the rocks considerably steeper than 4®, 
the Pennsylvanian would hardly underlie the region of the oil and 
gas wells. It is, of course, possible that this area may contain faults, 
which may throw the Pennsylvanian very much nearer to the moun- 
tam uplift than it would be imder conditions of regular folding. The 
occurrence, however, of asphalt in a zone encircling the Wichita 
Mountains and at about the same distance from them as the Lawton 
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pool would suggest that the same general conditiods prevail on all 
sides of the mountains and that the presence of faults is improbable. 

There is a possibility that the oil and gas in the vicinity of the 
YTichita Mountains, as well as the asphalt, which is the residuum left 
by the evaporation and oxidation of petroleum, were derived from 
rocks older than the Pennsylvanian, perhaps from the Arbuckle 
limestone. In the deep well known as the Ifineral Springs well, in 
the SE..i NE. i sec. 21, T. 2 N., R. 11 W., thick limestone beds, 
presumably those of the Arbuckle limestone, were encountered at 
440 feet. (See PI. XII.) ''Showings" of oil are reported at 1,935 
and 2,200 feet, and there seems little question that the beds in which 
it was found also belong to the Arbuckle limestone. On the south 
side of the SE. i sec. 17, T. 2 N., R. 12 W., a bed of sandstone in what 
is presumably the Arbuckle limestone is impregnated with oil, but 
the oil in this locality may have come from overlying Permian beds 
that have since been removed by erosion. 

The fact that the Arbuckle limestone is oil bearing of course does 
not preclude the Pennsylvanian from being also a source of oil and 
gas — ^probably the principal source in the region. 

QTJALITY OF TBS OIL AND OAS. 

No samples of the oil in the Lawton field were obtained. Oil from 
the ''800-foot sand" is reported to test as high as 44^ Baimi6, but 
this test has not been verified. Oil in the shallower sands is of higher 
specific gravity (lower Baum6). A sample of gas from the ''800-foot 
sand" was obtained and has been analyzed by the Bureau of Idlnes 
as indicated below. 

ATialyns of ga&frwn the Redding No. 1 Kadie well, SW.i NW. \ see. i9, T.tN., R, 10 W., 

LawUm field, Okla, 

[CoUactod Oct 19, lOU. Labontoiy Ko. 5863.] 

COa 0.2 

CH4 90.5 

'Cja, 7.1 

Na 2.2 

100.0 
Specific gra-vity (air=l) 0.60. 

Heating value at ^G. and 760 millimetera presBure, 1,096 British thennal unitfl. 

PROSPECTING IN THE IiAWTON FIEIiD, 

The early history of ihe Lawton field from its discovery to the 
autumn of 1910 is given in the following extract: ^ 

The firat well waa located on the N. i NW. i sec. 6, T. 1 N., R. 10 W., just 5 miles 
east of Lawton. It was completed in August of 1904 at a depth of 400 feet and had aQ 
initial rock pressure of 125 pounds and a production of about half a million cubic feet 
of gas per day. 

1 Hutchison, L. L., PreUminary report on the rock asphalt, asphalUte, petroleum, and natural gas in 
Oklahoma: Oklahoma Geol. Survey Bull. 2, pp. 241-242, 19U. 
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During the same year the company completed a well southeast of their No. 1. Gas 
was not found, as had been anticipated, but a light production of black oil was ob- 
tained. Nothing more was done in the pool until 1906, when a dry gas well was 
drilled in the E. } NE. i sec. 1, T. 1 N., R. 11 W., being less than a half mile from 
the first one. It had an initial rock pressure of 100 pounds and produced a IHtle leas 
than a half million cubic feet of gas i>er day. 

The third well drilled by the Lawton Go. was on the N. ^ NW. i sec. 6, a location 
southeast of the first gas well. Oil was found at a depth of 320 feet. Packers were so 
set as to BAve the oil, and the well was drilled on to the 400-foot sand, where gas was 
found. The initial rock pressure was about 100 pounds, and the well is estimated to 
have produced 300,000 cubic feet per day, while the oil produced from the 320-foot 
sand originally amounted to about 15 barrels daily. A pump has been installed and 
the well is still producing a little oil. 

The same company's well. No. 5, was drilled during 1906 in the N. } NE. i sec. 1, a 
few hundred feet northwest of No. 3. Oil was found at a depth of 400 feet. The 
capacity has never been tested, though oil is reported to be standing within 30 feet 
of the top. 

The next well drilled was 200 feet to the southwest of No. 5 and was brought in 
during 1906 as a dry gasser at a depth of 400 feet. In 1907 the well tested nearly 
450,000 cubic feet per day. 

Well No. 7 was drilled during December, 1906, a few hundred feet southwest of 
the one last mentioned. Oil of an estimated capacity of 2 or 3 barrels a day was 
found at a depth of 250 feet. Drilling continued to a depth of 390 feet, where the gas 
was found and the well completed as a gasser. 

The last well reported by this company was completed during January of the present 
year [1910]. Showings of oil were encoimtered at 225 and 250 feet, but the sand was 
dry at 380 feet. Owing to the general topography of the region the sand at 380 feet 
appears to be the regular 400-foot sand, so it is probable that this will ultimately prove 
to be a dry hole. 

Besides the wells already enumerated, the Lawton Natural Gas Co. drilled one in 
the E. } NW. i sec. 6. It was completed during 1907 and produced oil in the 400-foot 
Band, but has since been abandoned. 

A partial list of the wells which hare been drilled in the field and 
the companies which own them is given below. 

WeUs. 

Lawton Natural Gas Co. 11 

Boone & Warner 4 

Epstein Oil Co 4 

Deming Investment Co 3 

Night and Day Oil Co 3 

Havic&Hall 2 

Owen, Wilson dc Chaffee 2 

Companies having only 1 well each in the field 14 

Notwithstanding the number of wells thai have been drilled m this 
field, the pool has not yet been thoroughly prospected. The '* 800- 
foot sand," which appears to be the bed from which the greatest pro- 
duction is to be expected, has been reached in only 13 of the wells. 
Of these almost haU have been drilled in localities that are geologic- 
^By unfavorable. The highest part of the anticline in the field lies 
in the SW. J sec. 28, the SE. J sec. 29, the NE. { sec. 32, and the 
NW. } sec. 33, T. 2 N., R. 10 W. This anticlme has been tested by 
ttree wells in sec. 29, T. 2 N., R. 10 W., all of which are among the 
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best in the field, and there is no reason why the quarter sections 
named above should not produce equally good wells. A dry hole has 
been drilled in the NW. J sec. 35, T. 2 N., R. 10 W., so that it is 
probable that the oil and gas pool does not extend far to the south- 
east. The area mentioned as most promising should be tested first, 
and if it is found productive the pool should be traced by carefully 
spaced wells in a direction a little south of east from the SE. } comer 
of sec. 29, T. 2 N., R. 10 W. 

The crest of the small dome lying in sec. 31 (see PI. XI, p. 74) has 
not been tested by wells that reached the lowest sand, although wells 
that obtain showings of oil in this sand have been drilled east and 
northwest of it. Before the dome can be regarded as fully tested, 
one well deep enough to reach the "800-foot sand" should be drilled 
on the crest of this dome, as indicated on Plate XI. A test might 
also be made in the NW. i sec. 24, T. 2 N., R. 11 W., northwest of 
the asphalt seep that occius near the center of the section, although 
this territory is probably not so promising as that 2 miles southeast 
of it. 

It is reasonable to believe that by careful testing of the areas out- 
lined on Plate XI a profitable though small field may be developed 
in the Lawton anticline which will supply sufficient gas for the use 
of Lawton and give a moderate production of oil. Whether or not 
oil exists on the low arch of the Permian strata between the Wichita 
and Arbuclde uplifts it is impossible to say. The crest of this arch 
can not be very accurately defined but probably extends from the 
Lawton field east and south to the southeast comer of T. 2 N., R. 
10 W., thence to about the middle of the east line of T. 1 N., R. 9 W., 
and from this point southeastward, passing south of the town of 
Duncan. Prospecting along this axis, while it may be productive of 
valuable results, will probably be very hazardous financially and 
should be undertaken only by companies that can well afford to risk 
considerable sums in such work. 

ASPHALT SEEPS AND OCCURRENCES OF OIIj AND GAS 
IN THE VICINITY OF THE WICHITA MOUNTAINS. 

No report on the Lawton field would be complete without mention 
of the numerous asphalt soeps and showings of oil and gas which occur 
in the region of the Wichita Moimtains within and near the field. 

Asphalt is formed by the evaporation and oxidation of petroleum^ 
and its occurrence is in itself an indication of the presence of petro- 
leum, now or in times past, in the vicinity, although not necessarily 
immediately below the seep. It is not to be regarded as proof of the 
presence of petroleum in commercial quantity. An asphalt seep may 
be derived from only a small accumulation of petroleum, or the reser- 
voir which furnished the asphaltic material may have been drained of 
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the greater part of its contents by the asphalt seep itself. The possi- 
bility of the migration of the oil for considerable distances along the 
sandstone beds of the Permian has been suggested on page 77, and it 
is evident that the oil from which the asphalt seeps were formed may 
have traveled for a considerable distance from its original source. 
The same is true of the '^showings" of oil or gas which are observed 
in many wells sunk for water. Although such indications are foimd 
in most large oil fields, yet they may also be observed in many places 
in which oil and gas do not occur in commercial quantity. 

A list of the occurrences of oil, gas, and asphalt in the vicinity of 
the ^l^chita Mountains, with a brief description of the localities, is 
given below. 

T. 2N.,R. IIW. 

SW. i NE. I sec. 21 (elevation of asphalt, 1,089 feet), in the east 
bank of the creek a little north of the junction of the main stream 
with a small draw entering from the east. Here fine shaly sandstone 
is impr^nated with and smells of petroleum. for approximately 150 
feet along its outcrop. The layers of shaly sandstone carrying the 
petroleum are not over 6 inches thick and are interbedded with shale 
that does not show oil. At one place asphalt oozes from the containing 
rock. There are small faults in the beds here, but no pronounced 
break. The oil probably migrates to the surface along joints or small 
fault planes. About 10 feet above the asphalt is dark-red shale. 
Underlying this and including the sandy layers bearing the asphalt is 
greenish-gray shale which weathers to gumbo. 

SW. i NE. i sec. 24, asphalt impr^nating a bed of sandstone 
which is also exposed on several rounded knolls a mile or so to the 
northwest. The outcrop occurs at the head of a small draw draining 
toward the northwest which has been dammed to form a "tank," or 
water reservoir. The rock is a medium-grained sandstone, of which 
3 or 4 feet is exposed at the surface and a greater thickness is proba- 
bly concealed. The impregnation with asphalt or oil is so thorough 
that specimens of the rock are plastic and sticky. This asphaltic 
rock has been quarried. 

NE. i NE. i sec. 24. In the bottom of a small draw opening south- 
ward just south of the Fort Sill MiUtary Reservation a small spring- 
issues from sandstone, and the surface of the water is covered with a 
scum of heavy oil, which is seen also on the bed of the draw for a few 
feet downstream. Apparently the oil comes from some bed beneath 
the sandstone exposed at the surface, for this rock shows no impreg- 
nation of oil. 

T. 3N.,B. H W. 

SW. J NE. i and SW. i NW. i SE. i sec. 9. In three small south- 
ward-opening draws that drain the S. J sec. 10 seepages of asphalt 
or asphaltic oil occur at about the same elevation, as if derived from 
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one bed. The asphalt flows out of joints in red shale about 3 feet 
below a conglomerate of shale and sandstone. This conglomerate 
fonns the base of a mass of sandstone which is probably the same 
as that capping the higher rounded knobs in sec. 14, T. 2 N., R. 
11 W., and also that in which the asphalt occurs in sec. 24, T. 2 N., 
R. 11 W. The most westerly seep arises in an oil-soaked mud cone 
which holds about a pailful of thick black asphaltic oil. About 150 
feet down this draw to the south stdphur water issues from a small 
spring. 

T.4K.,B. IIW. 

SE. i SW. i sec. 30. A dug well 72 feet in depth is reported to have 
struck dark heavy oil amounting to 4 or 5 barrels. 

SE. { NE. \ sec. 32. About 10 feet of asphaltic sandstone, con- 
taining conglomerate in certain layers, is exposed in the bed of the 
creek. Asphalt impregnates several layers of the sandstone. The 
beds dip about 1^ N. or NE. and are about 40 feet below the base 
of the sandstone which caps the highest rounded knob in sec. 14, 
T, 2 N., R. 11 W. 

NW. J NW. i sec. 34. It is reported that in a weU drilled to a 
depth of 500 or 600 feet enough gas was encountered to bum for 
three weeks with a flame that could be seen for some distance. The 
report has not been verified. 

NW. i SW. i sec. 26. About 8 feet of sandstone, some of which 
is impregnated with asphalt, is exposed east of the schoolhouse, on 
each side of a draw opening to the north. The rock has been quarried 
and is said to have been used in Lawton for paving. The sandstone 
probably represents one of the upper beds of the sandstone outcrop- 
ping in the high knob of sec. 14, T. 2 N., R. 11 W. 

T. 2 N., B. 12 W. 

NW. } NE. i sec. 34. On the west side of a southward-flowing 
stream 8 to 12 feet of fine-grained and much cross-bedded sandstone 
is exposed. Asphalt impregnates the beds irregularly and appears 
to be more abundant in the thicker layers. Asphalt-bearing sand- 
stone in considerable amount has been quarried at this locality for 
use in paving the streets of Lawton. 

SW. i NW. J sec. 21. On both sides of a small draw which runs 
north about 10 feet of sandstone is exposed and is underlain by red 
shale. The sandstone is fine grained, somewhat cross-bedded, and 
irregularly impregnated with asphalt. It has been prospected by 
small open pits about 4 feet in depth. 

SE. J SE. } sec. 17. Asphalt impregnates sandy layers or lenses 
in a sandy limestone in the roadbed where the east-west section line 
crosses the limestone, which is exposed in a ridge to the southwest. 
The exposure occurs on the north side of the road where the road 
has been graded. 
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T. 8 K., B. 12 W. 

Oil occurs along the bed of a draw opening east into Cache Creek 
in the Fort Sill Military Reservation, in what would be the NE. i 
sec. 29 were the land sectionized. The oil is contained in a cemented 
breccia or conglomerate of granitic rock that crops out along the 
creek bed and on its banks and may represent the basal conglomerate 
of the Permian. The outcrop lies close to the granite area. It is 
probable that the presence of the oil is due either to upward migra- 
tion from some source farther to the east (see p. 77) of petroleum 
along the imconformity at the base of the Permian or to downward 
migration from ''Red Beds" that formerly covered this area but 
have been removed by erosion. The rock, which is composed of 
fragments of altered rhyolite, yields on heating in a test tube a light*- 
yellow oil. 

T. 6 N., B. 12 W. 

NE. i NE. i sec. 7. Oil is reported in a water well at 70 feet. 
NE. i NW. { sec. 17. Oil is reported in a drilled well at 250 feet. 

T. 2 N., B. 13 W. 

SW. \ SW. i SE. J sec. 15. On the west bank of a stream flowing 
southeast a large ledge of massive sandstone is impregnated in some 
layers with asphalt. 

SW. i SW. i NE. i sec. 22. Farther down the same stream what 
is probably the same mas^ve sandstone bed outcrops in one small 
exposure on the northwest bank and bears asphalt. 

T. 5 N., B. 13 W. 

NE. \ NE. J sec. 6, ' 'Wildcat" well. No information is available. 

T. 1 N., B. 14 W. 

NW. J NW. i sec. 1. A dug well is said to have shown oil at a 
depth of 10 feet. When examined no trace of oil was seen. 

SW. i SW. J SW. i sec. 2. In grading the road across a sandstone 
outcrop a small spring was opened which when first discovered is 
said to have smelled of oil. No trace of oil was apparent at the time 
of examination. 

T. 2 N., B. 14 W. 

SE. i sec. 36. On both sides of the creek flowing southeastward 
across the section are exposures of massive sandstone. Asphalt is 
reported from one place on the southwest bank of the creek, but no 
asphalt could be found on examination. 

NE. i NE. { NW. i sec. 24. North of the town of Cache a well 
^Ued in 1904 is reported to have obtained a show of oil at a depth 
of 500 feet or more. 
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SE. { SE. i sec. 25. A well is reported to have shown oil. No 
indications were observed on examination. 

T. 5 K., &. 14 W. 

SE. i SE. i sec. 18. Oil occurs in a water well. 

T. 6 N., B. 14 W. 

SW. i SW. J sec. 32 (J. H. Madden farm). Oil is reported in a 
water weD. 

T. 6 N., B. 15 W. 

SE. i SE. i SW. i sec. 23 (Fox farm). Oil is reported to have been 
struck in a well at a depth of 75 feet, in 7-foot sand. Oil is said to 
have been bailed from this well. 

NW. i NW. i sec. 23. "Showing" of ofl is reported in a well 90 
feet deep. 

SW. i SW. i sec. 23. Oil is reported in a well at a depth of about 
100 feet, in sufficient quantity to be used in the vicinity. 

NW. i sec. 13. Gas is said to have been ^icountered in a water 
well on the Underwood farm. 

NW. J sec. 11. Scum of oil occurs on water in a well on the Van 
Kirk farm. Southeast of this well is another which has a slight flow 
of water, and three ** showings" of oil are reported from the well in 
400 feet. 

SW. \ sec. 12. A water well on the T. A. Cook farm is said to have 
showed traces of oil and gas. Oil was struck at a depth of 280 feet. 

NW. i sec. 2. Oil is reported in a well on the Givens farm. 

SE. J SE. i sec. 19. A showing of oil was seen at the time of exami- 
nation in a well 42 feet deep on the Reynolds farm. After the weD 
is pumped nearly dry, globules of oil may be observed on the wat^r. 

SE. i sec. 29. Water in a well about 80 feet in depth is reported 
to show a "rainbow" of oil. 

SW. J SW. I sec. 31. "Showing" of oil is reported in a water 
well. Sugar Creek flows across E. ^ sees. 32 and 29, and oil is reported 
to seep from its banks in warm weather. The report was not verified. 

T. 7 N., B. 15 W. 

NW. I sec. 13. A 40-foot well in this section is said to have struck 
a "pocket of oil" in drilling for water. The report was not verified. 

NW. J sec. 24. A well 1,000 feet deep on the Franklin farm is 
said to have struck oil and gas at about 900 feet. The well is now 
flowing fresh water. 

T. 1 S., B. 10 W. 

NE. { sec. 27. In a draw which discharges northeastward across 
the NE. i sec. 27 several thin ledges of sandstone crop out. At one 
place a specimen was collected from which a light-yellow distillate 
of petroleum was obtained, on heating in a test tube. 
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OIL WELLS IN OOTEBO FIELD. 

The oil and gas field of Gotebo lies at the northwest end of the 
Wichita Mountains in a position somewhat similar to that of the 
Lawton field. The field was not studied in detail, but for the sake of 
comparison the tracts in which oil wells have been drilled are given 
below. 

T. 7N., R. 16W.: 

NE. i NW. i and NW. i NE. J aec. 19. Oil wells. 

E. ) sec. 27. Eight oil and five gas weUs. 

SW. i SW. i sec. 27. OilwelL 

SE. i S£. i sec. 28. Two oil wells. 

NE. i NE. i sec. 33. Two oil wells. 

NW. } NW. i sec, 34. Three o'd wells. 

SW. i NW. i and NW. i SW. i sec. 36. Two oil wells. 

NE. t NW. J NW. i SE. i sec. 31. Two oil wells. 
T. 6N., R. 16W.: 

SE. i SE. i sec. 10. Two oil wells. 

NW. i SW. i and SE. i sec. 7. Six oil and three gas wells. 
T. 6 N.,R. 17W.: 

NE. i SW. i sec. 1. OilweU. 

NE. i sec. 12. Three gas wells and one oil well. 



ANTICLINES IN THE CLINTON SAND NEAR WOOSTER, 

WAYNE COUNTY, OfflO. 



By C. A. BoNiNB. 



INTRODUCTION. 

The ^^ Clinton '' formation- on the eastern flank of the Cincinnati 
anticline crops out in a narrow band extending in a north-south 
direction across Ohio and dips to the east under the great Appa- 
lachian coal basin. It has generally been assumed that the east- 
ward dip is fairly regular and that where oil and gas pools have 
been found in the Clinton sand they are due to arrested dips or 
terrace structure, a structure that has been regarded widely in the 
State as particularly favorable for the accumulation of oil and gas 
dnce Orton^s demonstration that it is the prevailing type in the 
Lima field. 

Although some geologists engaged in private work state that they 
Lave mapped local anticlines and synclines in the Clinton sand and 
have found these folds to be the cause of the pools of oil and gas, 
very few such data have been published. It is therefore a common 
belief 5 especially in the northern part of the State, that no very 
definite relation exists between such folds and pools of oil and gas. 

The Wooster oil and gas field was examined by the writer to de- 
termine, if possible, whether there is such a relation and, if not, to 
find what condition determined the location of the pools. The con- 
clusion reached, after a detailed examination of the field, is that 
the accumulation of the oil and gas has been largely controlled by 
geologic structure. The gas occurs along the crest and sides of a 
sharply folded anticline pitching to the southeast and is confined 
entirely to the fold. Small quantities of oil are found along the 
flanks of the anticline, and a fairly large pool of oil occurs close 
to it, southeast of the gas field. It does not necessarily follow from 
these conclusions that all the Clinton gas or oil pools are due to the 
influence of anticlinal structure, but it establishes the fact that some 
of them are. A more definite knowledge of the structure should 
aid in the selection of locations for drilling. 

87 
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Thanks are due to the Ohio Fuel & Supply Co. for well logs 
furnished and for the location of more than half of the wells shown 
on the accompanying map ; Mr. AV. M. Holland, of the Ohio Oil Co., 
and Mr. James Burtner, of the Columbia Chemical Co., for well 
logs and general information; to Mr. B. K. Maitland for well logs; 
to Mr. H. B. Odenkirk for drill samples; and to many other com- 
panies and persons for assistance. 

IiOCATION AND SURFACE FEATURES. 

• 

The Wooster oil and gas field lies in northeastern Ohio, in the 
western and southern parts of Wayne County. Wooster, the largest 
town in the area, has a population of approximately 6,500 persons. 
It is on the Fort Wayne division of the Pennsylvania Railroad and 
the MiUersburg branch of the Baltimore & Ohio Railroad. 

The stream valleys in the vicinity of Wooster are generally steep 
sided and in places thickly wooded, but the slopes of the upland are 
more gentle and have been mostly cleared of timber and put under 
cultivation. Killbuck Creek, which is the major stream in this 
region, flows in a southerly direction. It occupies a valley averaging 
a mile in width, with steep sides but a floor so flat that in places 
it is swampy. Apple Creek, its main tributary, joins it a little south 
of the town of Wooster after a circuitous course through the country 
to the east. The surface relief along this stream is not so pronounced 
and the valley floor is not so wide as along Killbuck Creek. The 
many smaller streams which flow into Killbuck Creek from the east 
and the west have generally steep-sided narrow valleys covered with 
timber. The elevation of the valley of Killbuck Creek ranges from 
about 880 feet above sea level northwest of Wooster to about 840 
feet at the southern boundary of the area considered. The highest 
point in the region is Munser Knob, which has an elevation of about 
1,280 feet. It is 4 miles east of Shreve and 1 mile east of Killbuck 
Creek, near the southern boundary of the area represented by Plate 
XIII (p. 96). In the Wooster oil and gas field the difference in 
elevation of the creek and the hilltops is about 200 feet. 

Four areas of development are included in this field, three of 
which yield gas and one oil. The oil pool, one of the few of economic 
importance yet found in the Clinton sand, is about 2| miles due 
south of Wooster. It is, according to present development, about 2 
miles long in a northeast-southwest direction and three-quarters of a 
mile wide at the widest point. The Wooster gas pool lies from 1 to 
2 miles south and west of the town. It is approximately 4^ miles in 
length and half a mile or less in width and is being rapidly extended 
to the northwest. The Lattasburg gas pool is about 7 miles north- 
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west of the Wooster gas pool. The Shreve gas pool lies about 1 
mile east of the town of Shreve and 8 miles southwest of Wooster. 
It is not yet well defined, as drilling began very recently. 

HISTORY AND DEVELOPMENT. 

The first well drilled to the Clinton sand in the vicinity of Wooster 
is on the Quimby Jones farm, in the west edge of the town, near the 
point where the Baltimore & Ohio Railroad track crosses the Lincoln 
Highway. In this well, which was completed in May, 1910, by 
Bamhart & Maitland, a small show of oil and gas was obtained. 
In the following summer another well was drilled by the same com- 
pany on the McSweeney farm, three-quarters of a mile north of the 
Jones well. This well is reported to have produced 2,500,000 cubic 
feet of gas in 24 hours, but the supply rapidly diminished, and water 
leaking through the casing drowned the gas. On September 10, 
1911, the well of the Columbia Chemical Co., on the John Rockey 
farm, 2^ miles south of Wooster, was completed. Its initial produc- 
tion was at the rate of 2,500,000 cubic feet in 24 hours in open flow, 
with a rock pressure of 1,025 pounds to the square inch. Encouraged 
by this showing, the company drilled its next well on the Charles 
Correll farm, about half a mile east of the Bockey well. A 60-barreI 
oil well was the result. Drilling for oil was greatly stimulated by 
this discovery, and the oil field, as now defined, was rapidly devel- 
oped. Fifty-four producing weUs and eight dry holes have resulted 
from this drilling. The largest initial production was 175 barrels 
for the first 24 hours from the Albright No. 4 well. At present the 
daily production averages six barrels to the well. The Frank No. 3 
well is the latest addition to the field and is producing 40 barrels 
a day. 

The demand for gas being greater than for oil, drilling for gas was 
begun in the fall of 1913 by the Arco Oil Co. on the Edward Adair 
farm, 2 miles southwest of Wooster. The well was completed in 
October and a flow of 10,000,000 cubic feet of gas was obtained. 
After this remarkable showing, Murphy Bros, drilled five holes 
on the Charles Munsen farm. All were good producers, the initial 
production of the smallest well being about 6,000,000 cubic feet in 24 
hours and that of the largest 12,000,000 cubic feet. Forty-three pro- 
ducing gas wells, several dry holes, and a few small oil and gas wells 
have been drilled in a strip of country 4 miles long and half a mile 
^de since the discovery of gas in the Adair well in 1913. At pres- 
ent this field is being rapidly extended to the northwest, and many 
^ells are being drilled in adjacent untested territory. 

The gas wells in this field do not maintain their initial daily capa- 
city for any great length of time but rapidly diminish in volume and 

98867<»— Bull. 621—16 7 
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presBure. Wells drilled about 18 months ago, which had an initial 
production of 5,000,000 to IS/XW/WO cabic feet a day and a rock 
presBiire of 1,025 pounds to the aqoare indi, are now producing at the 
rate of 500,000 cubic feet open flow with a rock pressure of 180 
pounds. 

FDSIiD WORK. 

The examination made bj the writer was begun in December, 1914, 
but owing to adverse weather only a few days were spent in the field 
at tiiis time. The work was completed in the later part of April, 
1915. As the object of the study was to determine the structure of 
the Clinton sand with respect to sea level as a datum plane, most of 
the time was spent in running spirit-level lines frcMn United States 
Geological Survey bench marks to the mouths of wells and in collect- 
ing well records. 

No attempt was made to map or study the surface rocks of the 
area, because the absence of any persistent key rock or stratnin, 
such as a coal bed or limestone outcropping at the surface, the pres- 
ence of two or [>o8sibIy more unconformities in the sections of rocks 
between the Clintcm sand and the surface rocks, and the abundant 
cover of glacial drift render futile any attempt to determine the 
attitude of the Clinton sand by examination of the exposed rocks. 

OEOIiOGT. 

OBHEBAIi SECnOK. 

For the information of those not familiar with the geologic forma- 
tions of Ohio and for convenience in interpreting the well 1<^ of this 
field, the following table of formations is given : 
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Oeneralized section of rocks in the Wooster oU and gas field, Ohio. 



System. 



Qtuteniary (Plel»- 
tocfloe). 



CarbanifBroosOfis- 
slasipplao). 



Devonim or Car- 
baalfBToas. 



DeronJaa. 



Formatloo. 



Glacial drift. 



Cu 



irahoga 



fonna- 



Sanbary abalo. 



DrHler'8 name. 



Sand and gravel. 



(T) 



Bereagrit. 



Bedfocd ihale. 



I 

o 



Cleyeland 
shale. 



Chagrin for- 
matioQ 



Horon shale 



Olentangy shale. 



Unconfonnlty — 



SOnrian. 



Delaware Ume- 
stcne. 



Colmnbos lime- 
stone. 



Monroe formatian. 



Niagara limestooe. 



"Clinton" forma- 
tioo. 



ti 



Medina" shale. 



Ohio shale. 



Biglinie.a 



Thickness 
in feet. 



0-75 



SOO-SSO 



30-00 



1,300-1,370 



Little lime proba- 
bly belongs here. 



Clinton sand. 



Medina rod rock. 



1,030-1,080 



(7) 



(?) 



Character. 



Bowlder clay, sand, pebbles, 
shale fragments, and bowl- 
ders. 



Dark shales with interbedded 
sandstones and sandy shales. 



Black argUlaoeous bituminous 
shale. 



Medium-grained gray to buff- 
colored sandstone. 



Black and brown carbonaceous 
shale containing numerous 
"iron st<me" concieUons. 



Brown, blue, and gray lime- 
stones, containing a few thin 
sandstone and shale beds in 
the lower portion. 



Gray or red sandstone and 
dark shalo. with interbedded 
limestone layers. 



Red clay shale. 



■ This should not be confused with the Big lime of Pennsylvania, West Virginia, and Kentucky, wliich 
B of Carbonifsroas age. 

The rocks exposed at the surface in the Wooster field are dark shale 
of Mississippian age, with interbedded sandstone and sandy shale. 
These rocks are for the most part concealed by a mantle of glacial 
drift, being exposed only where erosion has been active in removing 
the surficial material. 
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Well logs. — ^The character and thickness of the rocks as described 
by the driller in reaching the Clinton sand are shown in the following 
well logs, selected from different parts of the field. The descriptions 
of the rocks are quoted as given by the drillers. 



Log9 of tceUs in the Wootter oil and 909 fMd, Ohio. 
J. J. PitMfer N«. 1 wvO, drOM bjr Lapfcii DrllH«« * CMtnctiiw Ctu N 



N«. 1 wvO. drOM bjr La 

2S. If 14. 



her 



Depth. 




GrayelaDdnnd.. 

Sand sod slato 

Slate 

Bereagrit 

Slate 

Lime 

Salt water in Ume. 

Slate 

SheU 

Slate 

Clinton sand 



Cartia W. 



Na. 1 wen, drilled bj An* DO Caw Aprfl U. If 14. 



Beraagrlt. 
InteiTal... 



Little Cinnamon 

Interval 

Big Cinnamon 

Interval 

Big lime 

Firat salt water in lime... 

Salt 

Second salt water in lime. 

IntervaL 

RedrodE 

Interval 

Little lime 

Interval 

Stray Band 

Interval 

Clinton Band 



eo 

815 
75 
100 
UO 
180 
1,100 



90 
8 
23 
35 
18 
1 
34 
18 



710 
1,52S 

i.eoo 

1.820 
1.7W 
3,000 
3.100 
3,360 
3.630 
3.930 
3,130 

3,190 
3,168 

3.195 
3,2U 
3.314 
3,3« 
3,3M 



Charica ComU Now 1 wall, drillad hr Colnya ChaiBlcal Ca. 



Bereagrit 

Interval, alate 

Big lime 

Second salt water in Big lime. 

Interval 

Little lime 

Interval 

Clinton sand 

Total depth 




1,334 

3.95S 

3.000 
3.123 
3,182 
3.306 

3,3W 



WaUam T. Stitt No. 1 well, drffled by Laplwr DrUlinr A CantiactiBf Co. lUrdi iC, If 14. 



Band and gravel 

Sand and slate 

Interval 

Bereagrit 

Slate 

Lime 

First salt water in lime. . . 
Second salt water in lime. 

Slate 

Shell 

Slate 

Clinton sand 

Total depth 



72 

128 

440 

40 

1.370 

1,(00 



05 

40 

105 

11 



71 
300 
610 

2.030 

3.oeo 

8,2S0 
2.940 

3,i:s 

3.215 
3.320 
3.33i 
3.34« 
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None of the well records obtained were taken with sufficient de- 
tail to permit a careful study and correlation of the formations cut 
by the drill. The drillers have, however, in nearly every log recog- 
nized the broader lithologic differences in the strata passed through 
and have made their records accordingly. The following paragraphs, 
in which the drillers' terms are used, are intended to give general 
descriptions of these rocks. 

Medina red rock. — ^The oldest and deepest rock reached in the 
Wooster field, called Medina red rock by the drillers, is possibly 
equivalent to the Medina formation of New York. It consists of red 
clay shale, having in some places a mottled appearance due to the 
presence of purplish shale layers. None of the well logs record the 
thickness of this formation, as drilling was stopped when the top 
was reached. 

Clinton sand. — ^Next above the Medina red rock is the oil and gas 
bearing formation commonly known as the " Clinton." The drill rec- 
ords show that this formation consists of sandstone and shale, with 
interbedded calcareous or limestone layers. The principal sand, from 
which most of the oil aiid gas is obtained, lies near the base of the 
formation and is known to the drillers as the Clinton sand. It is in 
most places a fine-grained compact gray rock, although in some wells 
a considerable thickness of reddish sandstone is recorded. The thick- 
ness of this sandstone in the Wooster field ranges from a few feet to 
44 feet, and a few wells report no sand at all. Above this sandstone 
are several small ^^ stray sands" and limestones, interbedded with 
dark-gray shale. One or more of these sands is oil bearing in a few 
localities. " Red rock " is reported in many of the wells a short dis- 
tance above the Clinton oil sand. This is regarded by the drillers as 
an indication of the nearness of the sand. It is possibly the same f er- 
rugmous material which farther east becomes much thicker and con- 
stitutes the Clinton iron-ore bed. 

Big lime. — ^The base of the Big lime in this field is a blue-gray 
magnesian limestone with several thin layers of shale and sandstone. 
Considerable quantities of salt water are generally encountered 120 
to 130 feet above the base. 

The limestone forming the middle portion of the Big lime is blue- 
gray and brown in color and corresponds in chemical composition to 
a dolomite — that is, a magnesian limestone. A salt bed 40 feet thick 
occurs about 600 feet below the top of the Big lime, and salt water 
is found from 200 to 250 feet below the top. The upper 200 feet of 
the Big lime is composed of brown and blue granular limestone, 

which contains interbedded layers of brown calcareous shale near the 
top. 

The Big lime shows a gradual thickening toward the east in the oil 
and gas fields of northeastern Ohio. Along Lake Erie its thickness 
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increases from 850 feet at Norwalk to 1,470 feet west of ClevelaBd. 
In the northeastern part of Cleveland a thickness of 1,720 feet is 
recorded, but this is probably a local expansion, as the Hermitage 
well, near Mentor, farther east, shows a thickness of 1,580 feet. A 
well at Mansfield gives the thickness of the Big lime as 915 feet, and 
one at Barbertown, 30 miles farther east, shows 1,415 feet. At and 
north of Wooster considerable irregularity in thickness is shown, 
and a noticeable thinning of the Big lime toward the east for a dis- 
tance of about 10 miles is illustrated by the records of a number of 
wells. Northeast of Jeromeville the Big lime is 1,155 feet thick; 
farther east, near the edge of the Wooster gas field, it is 1,081 feet; 
in the Wooster oil field, about 1,030 feet; and north of Mount Eaton, 
1,365 feet 

Ohio shale. — ^Above the Big lime is a mass of black and brown 
bituminous shale, known to geologists as Olentangy shale, Ohio 
shale, and Bedford shale. All these formations collectively are 
known to the driller as Ohio shale. Small quantities of oil and gas 
have been found in this shale, but not in paying quantities. Like 
the Big lime, this shale also thickens toward the east, but the 
increase is more rapid and constant. The well at Mansfield records 
700 feet of shale between the Berea sandstone and the Big lime; 
a well near Hayesville, 13 miles east of Mansfield, 920 feet; the 
Pressler No. 1 well, 3^ miles west of Wooster, 1,299 feet; the Stitt 
No. 1 well, 3 miles south of Wooster, 1,370 feet ; and the S. P. Beats 
well, near Mount Eaton, 1,490 feet This is an increase of 970 feet 
in about 37 miles, the thickness being more than doubled. At 
Wooster, where the thickness can be determined in greater detail 
by reason of the abundance of the wells, there appear to be some 
irregularities, but the general eastward increase in thickness still 
holds good. 

Berea grit. — ^The Berea grit is one of the widest-known and best 
horizon markers in Ohio. Although it generally averages less than 
75 feet in thickness, it is a remarkably persistent formation and is 
used by oil men and geologists as a key for drilling and for the 
mapping of structure. It is one of the most prolific oil sands in 
the State, but in the Wooster field has never been found to contain 
oil or gas in paying quantities. Salt water occurs abundantly in 
the Berea at Wooster and is always cased off in drilling. This 
formation is a medium-grained gray to buff-colored sandstone hav- 
ing a tendency to break into slabs. In the Wooster field it ranges 
from 30 to 60 feet in thickness. 

From the Berea grit to the surface in this vicinity the drill 
encounters a series of black and blue shales and gray sandstones 
of Mississippian age, about which the well records obtained give 
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no information. The thickness of these rocks from the top of the 
Berea to the surface, including a cover of glacial material, varies 
from 500 to 650 feet, depending on the location of the well. 

STBUCTUBB. 

Sedimentary rocks as originally deposited on the floor of the sea 
are essentially horizontal or nearly so. The modification of the origi- 
nal attitude of these rocks by earth movements produces geologic 
structure of various types. An upward fold or arch is called an anti- 
cline, and a downward fold or trough a syncline. Where rocks have 
been so tilted as to cause them to dip in one direction only, the result- 
ing feature is called a monocline. Any condition tending to arrest 
this monocline produces a structural terrace or flattening of the rocks. 
The axis of a fold is the line marking the highest points of an anti- 
cline or the lowest points of a syncline. Structure contours are lines 
represented as drawn through points, on the top or bottom of a 
stratum of rock, that have the same elevation above or below a given 
horizontal plane, generally sea level. 

The Wooster oil and gas field is situated along the northern part of 
the eastern flank of the Cincinnati anticline and is a little west of the 
outcrop of the Pottsville and Allegheny formations, which mark the 
northwestern limit of the great Appalachian coal basin. The surface 
rocks and those cut by the drill have a general dip to the east and 
southeast of about 50 feet to the mile. This dip has been flattened in 
many places, producing structural terraces. Cross folding of a more 
or less intense character has likewise taken place, producing anticlinal 
and synclinal folds at right angles to the strike of the formations. 
These folds are especially pronounced in the Clinton sand and exist 
in a modified form in the Berea sandstone. The surface rocks near 
Wooster are not well exposed, and consequently it is difficult, if not 
impossible, to determine whether or not they are similar in structure. 

The principal structural feature of the gas field, as shown by the 
10-foot structure contours drawn on top of the Clinton sand on Plate 
Xin, is the sharp, steeply pitching anticline west and southwest of 
Wooster, along the crest and sides of which the gas has accumulated. 
The narrowness of the gas-producing area is due to the sharpness 
of this fold, and the presence of dry holes in close proximity to large 
gas wells is also partly explained by this fact. Although reported as 
dry holes, some of these wells produced gas, but not in paying quan- 
tities. As far as the anticline has been followed toward the north- 
west there is no indication of its diminution, but its form and position 
in this area can be told positively only by more drilling in sees. 1, 2, 
^d 12 of Plain Township. There seem to be two possibilities— either 
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that the Wooster anticline extends northwestward in untested terri*, 
tory, as indicated on Plate XIII by the broken axial line, or that the 
anticline dies down suddenly and possibly breaks up into a number of 
minor wrinkles. Accordingto the first hypothesis, the small fold in 
sec 36, Chester Township, would be a secondary wrinkle on the flank 
of the major anticline. Similar structure is suggested in sees. 5 and 
6 of Woorter Township by several dry holes, small gas wells, and an 
oil well. 

On the second hypothesis the axial line would follow the most 
pronounced of the smaller folds, which might be the one to the 
north shown on Plate XIII. The first hypothesis seems the more 
plausible, but the second must be regarded as a possibility, even 
though it involves possibly a curving fold. If these cross folds are 
due to torsional stresses in the rocks, curved axial lines are not 
improbable, and long, straight folds are hardly to be expected. 

Not enough drilling has been done in the vicinity of Lattasburg, 
which is about 8 miles northwest of Wooster, to enable the geologist 
to determine the details of structure. The altitude of the sand in 
the wells shows that there is only a very slight dip to the east or 
southeast and suggests a fairly broad, level structural terrace. 
Although it is a common belief in the field that the Wooster anti- 
cline continues indefinitely toward the northwest and serves to con- 
nect the Lattasburg and Wooster gas fields, the lack of such a con- 
nection is indicated by the drilling done in the area between these 
fields, because of the discordant altitude of the sand and the non- 
productiveness of the wells. On the other hand, the Lattasburg pool 
is certainly connected with the Ashland field to the southwest. 

The structure of the sand in the Shreve gas pool could not be 
determined, owing to the small number of wells drilled. There are, 
however, indications of an anticline, for the altitude of the sand, as 
reported in the well logs from this field, is about 100 feet higher 
than the normal position of the sand as determined by contouring 
the Clinton sand in a broad way over a large area in this part of 
the State. 

The structure contours in the oil field south of Wooster show 
several small, irregular folds in which oil has accumulated and a 
small but higher structural terrace along the western edge of the 
field, where gas has collected. From the data at hand no certain 
prediction can be made as to the structure north of the oil field and 
east of the main gas field. The anticline of the gas field is evidently 
flatter toward the east, and it is probable that this disturbed con- 
dition of the sand continues some distance in that direction, but 
whether it continues for 1 mile or 4 miles can not be told until some 
drilling is done north of the oil field. 
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SUGGESTIONS FOR PROSPECTING. 

It is in general very difficult if not impossible to determine the 
character and position of folds in the Clinton sand from a study of 
the surface rocks in northern Ohio. However, after considerable 
drilling has been done it may be possible to outline, at least in part, 
the anticlines, synclines, and structural terraces and thus to predict, 
so far as geologic structure controls the accumulation of oil and gas, 
the most favorable territory for future drilling. This does not apply 
to new pools, but merely to the extension of known pools into new 
territory. 

The most promising area for the location of gas wells is along the 
supposed northwestward extension of the Wooster anticline in sees. 
1 and 2, Plain Township, but it must be clearly understood that the 
extension of the axis of this anticline is hypothetical and, even if it 
extends into this new territory, its exact location can not now be de- 
termined. No one should be encouraged to make such a test imless he 
has the capital and can afford to take what may be considered almost 
even chances of success or failure. 

No prediction can be made as to the extension of the gas field 
toward Lattasburg. The evidence in this vicinity gives no basis for 
the assumption that the Wooster " gas streak " connects with the one 
at Lattasburg, as most of the operators believe. The existence of 
gas in the Hileman well, in sec. 17, Chester Township, about half way 
between these pools, does not prove this point, for the well is only 
a small producer, and similar amounts of gas may be struck at any 
place in the region. 

The finding of dry holes along the northern margin of the oil field 
in sees. 16, 21, and 22, Wayne Township, has discouraged drilling be- 
tween that field and Wooster. From the Leisle dry hole, in the 
NW. i sec. 22, Wayne Township, in which only 3 feet of sand was 
reported, it seems probable that the lack of oil is due to an area of 
thin sand, but as the Clinton sand is generally present wherever the 
drill has penetrated to its depth, it seems probable that the area of 
thin sand south of Wooster is a local feature and may extend for 
less than a mile in any direction. If, therefore, it is assumed that 
there is a possibility of thick sand north of the present oil field, it 
is probable that the structure is such as to warrant further pros- 
pecting. Unfortunately, in the light of present knowledge, this 
assumption can not be verified until more drilling has been done. 
The writer is of the opinion, however, that the probability of the 
eastward extension of the Wooster anticline is sufficiently strong to 
justify drilling in new territory in sec. 15, Wooster Township. 

As some oil has already been found on the flank of the Wooster 
anticline, the chances for finding more oil along the flanks of the 
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fold to the northwest seem fair and worth considering, though not 
as good as they are south of Wooster. 

Wherever dry holes are encountered the sand is either thin or 
" broken," or the location has been chosen in a structurally unfavor- 
able place. There seems to be no danger of striking salt water in low 
places in this field. Water has been reported in several wells in the 
Clinton sand and at Wooster, but on the whole the sand is consid- 
ered to be " dry " by the drillers. Water thus reported is assumed 
to have leaked through the casing from some higher bed. 

A significant conclusion to be drawn from the presence of the 
Wooster anticline in northern Ohio is that the Clinton sand has been 
subjected to forces tending to produce sharply accentuated folds in 
a direction at right angles to the normal strike of the beds. Such 
folds are shown by this investigation to be favorable for the accu- 
mulation of oil and gas in this field, and it is safe to assume that 
other folds of like character occur in this general region. Their 
presence can be proved only by drilling. Wells drilled to the Berea 
sandstone only may aid in the determination of structure in the 
Clinton sand, for both the Berea and Clinton sands, as well as tlie 
intervening strata, have been without much doubt subjected to the 
same def ormative forces. 

In prospecting east of Wooster much deeper wells will be needed 
to reach the Clinton sand, for the general eastward dip will be accen- 
tuated by the thickening of the overlying formation in that direction. 



THE OROFINO COAL FIELD, CLEARWATER, LEWIS, AND 

IDAHO COUNTIES, IDAHO. 



By Charles T. Lupton. 



INTRODUCTION. 

As reports of the presence of valuable coal in the vicinity of 
Orofino, Idaho, have been circulated from time to time, the writer 
made a hasty examination of the field in July and August, 1913. 
Although no samples could be procured for analysis, the examination 
showed the coal to be subbituminous coal of medium grade. It is 
believed to be similar to the coal found at Horseshoe Bend and Jeru- 
salem Valley, Boise Coimty, described by Bowen.^ Considering the 
character of the coal and the thinness of the beds, it is believed that 
this locality will not be of importance as a coal field, except possibly 
in a small way by furnishing coal for local use in the distant future, 
when timber becomes scarce. 

GENERAL FEATURES OF THE FIEIJ>. 

The area represented on figure 8 is situated in northwestern Idaho 
(see fig. 7) along Clearwater River and Orofino Creek, 30 to 65 miles 
east of Lewistown, and contains about 150 square miles. The area 
mapped includes all of T. 36 N., Rs. 2 and 3 E., and parts of T. 35 N., 
Bs. 1, 2, and 3 E., T. 36 N., Rs. 1 and 4 E., and T. 37 N., Rs. 1, 2, 3, 
and 4 E., Boise meridian. The western part of this area was for- 
merly included in the Nez Perce Indian Reservation. 

Orofino, a town of about 500 inhabitants, is the principal settlement 
in the field. It is at the mouth of Orofino Creek, on the north side of 
Clearwater River, on a branch of the Northern Pacific Railway, 
which crosses the field in a northwesterly direction. Ahsahka, at the 
junction of the two forks of Clearwater River, and Greer, on the 
South Fork of this stream, in T. 35 N., R. 2 E., are smaller railway 
towns. Russell and Eraser are but little more than post offices situ- 
ated at ranches. 



^Bowen, C. F., Coal at Horseshoe Bend and Jerusalem Valley, Boise County, Idaho: 
U. S. QeoL Survey BulL 631, pp. 246-251, 1911. 
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FiQUBi 7. — ^BCap of Idaho showing location of Oroflno coal field. 
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A fairly good wagon road follows Clearwater IS^cr from the west 
edge of the field to Orofino. Anotiier road leads from Orofino along 
the north side of Orofino Creek to the mouth of Whlskf' <]!reek, and 
thence to the top of the divide between Whisky and (Orofino creeks, 
which it follows to the east. A much-used road extends lip Whisky 
Creek and over the divide to North Fork. Other roads aa'd trails 
exist in the area, but the writer knows little regarding them. '>\ • 

The surface of the area represented on figure 8 is hilly to moHS^ 
tainous, the altitude above sea level ranging from a little less than 
1,000 feet, near Ahsahka, to slightly more than 2,000 feet on the up- 
lands in the eastern part of the field. The valleys, including that of 
Clearwater Biver, are comparatively narrow and canyon-like and 
contain remnants of terraces. In many places the stream valleys have 
nearly vertical walls, due to the recent cutting of these streams into 
the Columbia River basalt, which constitutes the surface rock of most 
of this area. The uplands are comparatively flat and smooth, many 
parts of their surfaces representing the top of the great flows of lava 
that in Tertiary time spread over this region. 

The original topography has been modified in many places in the 
valleys of the larger streams by landslides, regarding which Russell ^ 
makes the following statement: 

In the description of the occurrence of lignite and its associated sedimentary 
beds near Orofino and along the creek of the same name mention was made of 
the nnmerons displaced rock masses of that region. The borders of the canyon 
of Orofino Creek not only owe the minor features of their topography to land- 
slides, but the character of the entire canyon has been modified by them. There 
is an outer canyon, Iwrdered by cliffs and steep talus slopes, from 700 to 800 feet 
high. At the base of these rugged walls, in which the edges of horizontal sheets 
of lava appear, there is on each side of the creek an Irregular terrace-like belt 
a mile or more wide, the surface of which shows the ridges, hills, and basins 
characteristic of landslide topography. This broken country is from 400 to 500 
feet above the stream, which flows through it in a steep-sided inner canyon. At 
a few localities the landslides have obstructed the river and caused It to flow 
Bwlftly through narrow defiles. 

GEOLOGY. 

The geologic work of Lindgren and Russell was much more com- 
prehensive and detailed than that done by the writei; hence this 
paper contributes little new geologic information. It contains, 
however, a compilation of the available data regarding the Oro- 
fino coal that may be of service to those interested in its develop- 
ment. Lindgren* reports "quartzites, sandstones, conglomerates, 

* Rnssell, I. C, Geology and water resoarcea of Nei Perce County, Idaho : U. S. Oeol. 
Survey Water-Supply Paper 63, p. 78, 1901. 

' Lindgren, Waldemar, A geological reconnaissance across the Bitterroot Range and 
Clearwater Mountains in Montana and Idaho : U. 8. GeoU Surrey Prof. Paper 27, p. 17, 
1904. 
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limestones, and shales, as well as large masses of associated old and 
partly altered and schistose lavas (greenstones)^' near Ahsahka, at 
the mouth of the North Fork of Clearwater River. He says, ^' The 
structure of this series is little known except that the dips are gen- 
erally steep and the strike has a general northerly direction. At 
Orofino, North Fork, and Pierce are gneisses, mica schists, and 
occasional crystalline limestones bordering the intrusive granite of 
the Clearwater Mountains. These are partly at least of sedimentary 
origin, but their age is unknown." The present writer observed 
limestone and schist dipping 70^-85° E. and in places striking 
slightly east of north near water level along Clearwater River from 
a point a few miles west of Peck (a town about 5 miles west of 
Ahsahka) to the vicinity of Greer. At Orofino crystalline limestone 
is well exposed on the north side of the river and is quarried for 
the manufacture of cement. The beds in the quarry dip 81° E. and 
strike about N. 10° E. and are somewhat broken by minor faults, as 
shown in part by slickensided surfaces. These rocks have been 
referred to by Russell* as the "older group, of both igneous and 
sedimentary origin." He says also, "The younger group consists 
principally of basalt but includes layers of clay, sand, gravel, 
volcanic dust, and lapilli interbedded with it." It " contains lignite 
which may prove of value and on decomposing furnishes a deep, 
rich, dark soil of marvelous fertility." This series of lava flows 
is known as the Columbia River basalt, which, according to Russell,^ 
" was outpoured at successive intervals embracing a long period of 
time, a^ is shown by the occurrence, at several horizons, of layers 
of sedimentary material, principally clays and sand, between the 
lava sheets." The coal described below is found in the interbedded 
sand and clay. 

Russell considered the sandstone, shale, and coal beds in the Orofino 
field to range from 200 to 300 feet in thickness and to occur from 
about 700 to 1,000 feet below the tops of the uplands. He says : • 

Throughout the length of Orofino Creek, from Its mouth to near Pierce City, 
there Is an almost continuous series of heavy landslides on each side of the 
creek, which indicates the presence of incoherent beds at least 200 to 300 feet 
in Uiickness, beginning at a depth of about 750 feet below the surface. These 
>»trata are probably a continuation of those which have so greatly influenced the 
topography of the wall of Clearwater Canyon near Kamlah and elsewhere, 
'i^eir character is shown by outcrops of sandstone and shale-carrying lignite, 
which are exposed in the bed of the creek at several localities. 

Similar beds of sandstone, shale, and coal are believed to be present 
along Little Canyon Creek 8 to 12 miles south and southwest of 
Orofino, just outside of the area shown on figure 8. 

1 Op. dt, p. 15. ' Idem, p. 29, ' Idem, p. 39. 
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The Columbia Eiver basalt and associated coal-bearing rocks are 
nearly horizontal, except in localities where there has been slumping, 
as, for example, along Clearwater River and Orofino Creek. Where 
landslides have occurred the slumped masses are found near the bot- 
tom of the valleys, and usually with the beds dipping toward tiie 
uplands, from which they have slipped. 

THE COAIf 

GENEBAIi CHABACTSBb 

The coal in the Orofino field, called lignite by Lindgren and Rus- 
sell, should more properly, to judge from specimens collected by the 
writer, be designated subbituminous. A hand specimen that had 
been exposed to weathering at the Duffy prospect on Orofino Creek 
for 8 or 10 years was probably nearly as firm as when it came 
from the prospect. This fact suggests that the coal has good ^ stock- 
ing " qualities. The coal at this prospect is probably of higher rank 
than the greater part of the '^ lignite '' referred to by Lindgren and 
Russell. Russell ^ suggests this iii the following statement : 

Small specimens of lignite "float," said to haTe been found in the canyon 
of the North Fork of Clearwater River in the vicinity of Elk Greek, and other 
similar fragments from Orofino Creek, are Jet-black in color and evidently are 
of much better quality than any of the material thus far obtained at the 
localities described. 

Very little prospecting has been done in this field recently, and the 
prospects opened several years ago have caved so that it was impos- 
sible to enter them. At only one place (Benda's prospect) was it 
possible to see the carbonaceous material in place, and here it is of 
no economic importance. For this reason the greater part of the 
information collected by the writer was obtained from settlers and 
others who knew something of the old prospecting. 

The sample collected from* the Duffy prospect is jet black, mostly 
dull, but having a few bright lustrous layers. Woody structure is 
evident in parts of the sample, and as a whole it is laminated, show- 
ing thin plates ranging from films to bands a quarter of an inch in 
thickness. The fracture is irregular, and the jointing is somewhat 
columnar. Considerable resin in globules as much as one-third of 
an inch in diameter occurs along the bedding planes of the coal. The 
coal is hard, and when pulverized is a black powder, with a slightly 
brownish tint. 

No samples of the coal for analysis were collected by the writer, 
because it was impossible to find prospects or outcrops where the 
coal was unweathered. 

» U. S. Geol. Survey Water-Supply Paper 54. p. 127. 1901. 
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Russell ^ gives the following analyses of samples collected by E. W. 
Bames, of Portland, Oreg., from the same formation on Grande 
fionde Kiver, Wash. These analyses do not give the heat imits, and 
furnish only an approximate idea of the composition of the coal. 

AnalyaeM of lignite from Orande Ronde River, Wash, 

[Analyst, J. T. Gov«.) 





1 


2 


Uoi&iUR ............................................................................ 


Percent. 

20.50 

40.75 

31.25 

7.50 


Percent. 
6.60 


Volatile matter . 


38.50 


Fixed carbon 


42.00 


Adi 


13.00 








100.00 


100.00 



It is believed that the poorer grade of coal (lignite) in the Orofino 
field is similar in chemical composition to that represented by these 
analyses. The better coal, like that at the Duffy prospect, on Orofino 
Creek, is probably similar to the coal near Horseshoe Bend, Idaho,^ 
the analysis of which is given below. 

Analysis of coal sample from the Henry mine. Horseshoe Bend, Idaho. 



IBortaa of Mines latxiratory, A. C. Fleldner, chflmbt in charge. Laboratory No. 12703. AIPKlrylng loss, 

5.4 per cent.] 




As 
received. 


Air- 
dried. 
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Percent, 
10.1 
38.2 
36.1 
15.6 
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Percent. 
5.0 


V(^atile matter 


4a4 


Fixed carbon 


38.1 


Ash 


10.5 


Solphur 


.54 






British thflnnal T^nftfl..,^ . ,,_,,., ,-,,,,_-,.. 


10,440 


11,090 







PBOSPECTS. 

Dufy prospect — ^The Duffy prospect, on the south side of Orofino 
Creek, in the NE. i sec. 12, T. 36 N., R. 3 E., 10 or 12 miles from 
Orofino, was visited by the writer. As the shaft was nearly full of 
Water, it was impossible to see the coal in place. This prospect, it is 
reported, was opened by Tom Duffy and three other prospectors 
about 1903.« The shaft, whose mouth is only a few feet above the 
creek, is said to be 30 or 40 feet deep. From the bottom of the shaft 
an entry was driven about 70 feet. Coal in this entry is reported to 
range from 30 to 36 inches in thickness and to occur in three benches, 
none of which is more than 12 inches thick. The bed is believed to be 
nearly horizontal, with possibly a slight dip away from the stream. 

*0p. cit., p. 126. 

'Bowcn, C. F., Coal at Horsenhoe Bend and Jerusalem Valley, Boise CouDty, Idaho; 
U. 8. Geol. Survey Bull. 531, p. 251. 1911. 

98867*»— Bull. 621—16 8 
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No exposures of the sedimentary strata were observed at this place, 
as the basalt extends down abnost to the level of the stream. Ap- 
parently the shaft and outfit, consisting of a small cabin, a wind- 
lass, diamond drill, and water wheel for pumping water from the 
shaft, have long been abandoned. Fragments of coal found near 
the shaft mouth indicate that this coal is of higher grade than lignite. 
Those who have used it report that it burns like poor pine wood and 
yields considerable ash. 

Other prospects on Orofino Creek. — ^Another old prospect is re- 
ported about a mile east of the Duffy prospect, approximately in sec 
6, T. 36 N., B. 4 E. This prospect is said to consist of a shaft 30 to 
50 feet deep, in the bottom of which a diamond drill was sunk in 
search of lower coal beds. The coal encountered in the shaft is re- 
ported to be not so thick as the bed at the Duffy prospect No coal 
was sold from either of these prospects, the opening of which, it is 
estimated, cost from $15,000 to $20,000 in labor and machinery, all 
material having been brought in by means of a pack train from 
Orofino over a very poor trail which crosses the divide between 
Orofino and Whisky creeks. This divide is at least 1,500 feet high. 

Eussell * reports a prospect farther east on Orofino Creek, which he 

visited in 1899, as occurring in sec. 12, T. 36 N., R. 4 E. It is believed, 

however, that the location may be near the Duffy prospect in T. 36 

N., B. 3 E. Regarding the coal or " lignite " in this locality he makes 

the following statement : 

Lignite 1b reported to occur at several localities on Orofino Creek (all of it 
probably belonging to approximately the same bed), within a distance of ser- 
eral miles In the middle portion of its course. The only one of these outcrops 
that was examined by the writer Is situated on the Immediate banks and In 
the bed of the creek about 15 miles above Its mouth (sec. 12, T. 36, R. 4) but 
is not In place. ♦ ♦ * On the left bank of the creek, at the locality referred 
to, and partially submerged, the following section is exposed, the dip being 
south at an angle of 30** and the strike about east-west, or with the course of 
the stream. 

Section on Orofino Creek about 15 miles above mouth. 

Inches. 

Sandstone, gray, with fossil leaves 12.0 

Lignite 20.0 

Clay parting 2.5 

Sandstone, base not exposed 6.0 

These outcrops can be followed along the bank of the creek and In its bottom 
for a distance of 60 to 70 feet. Near the upstream end of this natural exposure, 
on the north side of the creek and at the water's edge during low-water stages, 
a prospect shaft about 15 feet deep has been opened. In this shaft the strata 
where first met, beneath a foot or two of surface debris, are nearly vertical, but 
below they dip northward and soon flatten, until the inclination is about 50". 
The lignite is 27 inches thick and has fine micaceous clay on its southern side 
and a coarse sandstone on its northern side. The lignite-bearing formation on 

* Op. clt., p. 123. 
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the two sides of the creek is a portion of a sharp upward fold or anticline, 
which Is broken along its crest, where the creek flows. This fold is obviously 
due to the weight of the landslides on each side, and is not a structural feature 
of the beds in place. The true position of the lignite in the canyon walls is 
not known but should be looked for a't an elevation of between 400 and 600 feet 
above the creek. 

Benda prospect. — A little prospecting was done in 1909 and 1910 in 
the NW. i sec 2, T. 36 N., K. 2 E., on Frank Benda's homestead, 
which is about 4^ miles northeast of Orofino. The prospect is about 
500 feet above the bed of Deer Creek and at about the horizon sug- 
gested by Russell as the stratigraphic position of the lignite beds at 
the easternmost prospect on Orofino Creek. The material discovered 
at this place by Mr. Benda is not coal, however, but a form of basalt 
containing some carbonaceous material that will bum slightly when 
ignited. It is of no known economic importance. 

EoU prospect — ^A prospect for coal was opened about 1901 on the 
James Holt homestead, on the south side of Clearwater River, in the 
S. ^ sec. 1, T. 36 N., R. 1 E., about three- fourths of a mile west of 
Orofino station. One of the men who helped to open this prospect 
(now caved) stated that in a 10-foot drift a 3-inch bed of brownish- 
black shaly coal or lignite was discovered. This material would 
bam when mixed with good coal, but contained so much ash that it 
retained its shape after burning. 

This prospect is undoubtedly near the one referred to by Russell ^ 
in the following statement : 

On the southern side of Clearwater River, a half mile l)elow Orofino, openings 
hare been made in the side of the canyon, on the farm of F. M. Holt, at an de- 
ration of about 200 feet above the river, which reveal the following section : 

Section on Clearwater River one-half mile helow Orofino, 

Tains from slopes above. Ft hi. 

Sandstone, coarse. 2 

Slate, fine, sandy 10 

Ugnite, with branches of trees 4 

Sandstone 2 6 

Ugnite 3i 

Sandstone 5 

Lignite 1 8i 

Sandstone, bottom not seen 1 

Talus to the river bank. 

The beds are well exposed In the openings that have been made, one of them 
Mng a tunnel abont 40 feet in length, bnt the material is part of a series of land- 
slides, and the true position of the lignite should be sought about 500 feet higher 
than where it is now to be seen. 

Other exposures on Clearwater River. — ^The general statement that 
some Goal or lignite is exposed along Clearwater River between Oro- 
fino and Peck (about 12 miles west of Orofino) was made by men who 



^ 
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had (lone some prospecting in this locality but was not verified by the 
writer. 

Snider prospect, — About 1909 a prospect was opened a short dis- 
tance southeast of Eraser post office, in sec. 14 or 15, T. 35 X., B. 3 E., 
by Henry Snider. A son of Mr. Snider, who helped to open the 
prospect (now inaccessible on account of caving), stated to the writer 
that the coal is very similar to that of the Duffy prospect, that it 
bums readily and leaves a white ash, and that he saw no evidence of 
sulphur or resin in it. The coal crops out in the bed of a creek, but 
was not noted at any other locality. The coal bed is about 2 feet 
thick and dips slightly to the east. Extensive prospecting showed 
that the coal bed does not increase in thickness and quality under 
cover, so the project of opening a mine here was abandoned. 

Other exposures. — Coal is reported at several places in Little Can- 
yon 10 to 12 miles south of Orofino. Russell^ makes the following 
statement regarding one of these exposures : 

One of these outcrops, near Russell [T. 35 X., R. 1 B.], which was examined 
by the writer, is at the bottom of the canyon, which there is 800 feet deep and 
has precipitous walls composed of horizontally bedded lava sheets. • * • 
The following section was exposed by a recent excavation : 

Section in Little Canyon^ near RusseU, Idaho, 

Ft in. 

Tains, fallen from above 6 3 

Carbonaceous shale, apparently altered by heat 3 5 

Parting of white laminated shale composed in part of vol- 
canic dust 1 

Black carbonaceous shale 2^ 

White " shale " 1* 

Blacic carbonaceous shale 6 

White laminated shale 10 

Coarse sandstone with fragments of shale; base not exposed. 3 O 

In this place the strata are well exposed, and the absence of coal 
indicates that little or none may be expected in this general locality. 

CONCIjUSIONS. 

The inferior quality of the coal and the fact that extensive prospect- 
ing in this region has failed to reveal coal in commercial quantities 
suggest that the field will be of no importance as a producer of coal 
or lignite except in a very local way. It is questionable if any addi- 
tional information regarding the coal or lignite possibilities of the 
general region of sufficient promise to justify further prospecting will 
be found, and the writer does not advise anyone to expend time and 
money in such work. 

» Op. clt.. p. 124. 



A RECONNAISSANCE FOR OIL NEAR QUANAH, HARDEMAN 

COUNTY, TEXAS. 



By Cakroll H. Wegemann. 



INTBODUCTION. 



The town of Quanah is situated on the Fort Worth & Denver City 
Bailway, in Hardeman County, Tex., about 90 miles northwest of 
Wichita Falls and 6 miles south of Red River, which here forms the 
boundary between Texas and Oklahoma. (See fig. 9.) It is reached 




^ociB 0. — Index map of Oklahoma and northern Texai, showing location of area near 

Qnanah. 

also by a branch line of the St. Louis & San Francisco svstem. 
The country in the vicinity of Quanah is not a proved oil or gas 
field, but reports of surface indications of oil and gas in the region 
Iwive been current for some time. The examination here reported wan 
^dertaken in the fall of 1914 to determine if possible the geologic 
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structure of the area and the presence or absence of antidines which 
might be effective in producing accumulations of oil or gas. 

The writer has been assisted both in the field and in the office by 
Mr. Ralph W. Howell, of whose able work he desires to express his 
appreciation. Thanks are due to many residents of the district for 
courtesies extended during the prosecution of the field work, and 
particularly to members of the W. A. Doyle Oil Ca for valuable 
information in regard to the region. 

The most noteworthy occurrences of oil near Quanah are those 
reported from the wells of the American Cement Plaster Co., 1 mile 
north of Acme, and of the Acme Cement Plaster Co., near Acme 
station, about 6 miles northwest of Quanah. According to report, 
the American Cement Plaster Co. sunk a well for water in the 
engine room of the plant to a depth of 27 feet. The well had a 
diameter of 11 feet and produced water, oil, and gas. It is said that 
from 8 to 12 barrels of oil a day was taken from this well for a 
considerable period and that the oil appeared to flow into the well 
intermittently. It is also said that the well seemed to be situated 
on the line of a fault, the strata on one side being displaced with ref- 
erence to those on the other. Because of difficulty in regard to fire 
insurance this well was finally closed. A well sunk by the Acme 
Cement Plaster Co. to a depth of about 70 feet is reported to have 
yielded warm water and a showing of oil. 

About 7 miles northwest of Quanah and 4| miles north of Acme, 
in sec. 199, a test well known as the W. A. Doyle No. 1 is now 
being drilled. In this well a showing of oil is reported. A well 
sunk for water on the Gardenhauer ranch, in sec. 290, 13 miles west 
and a little south of Quanah, is said to have given a trace of oil. 
Other reports of oil and gas seeps are current in the region, but the 
details of the occurrences were not learned. 

TOPOGRAPHY. 

ft 

Quanah lies in the open plains region of northern Texas. The 
surface of the country is gently undulating, and rock exposures over 
much of the area are comparatively few. The area studied lies be- 
tween Bed River on the north and Pease River, a branch of Red 
River, on the south. 

STRATIGRAPHY. 

The rocks exposed at the surface in the vicinity of Quanah belong 
to the Clear Fork formation of the Permian series. The Clear Fork 
overlies the Wichita formation and, according to Cummins,* who 

1 Cumminn, W. P., Geology of northwest Texas : Texas Geol. Survey Second Ann . Bept. 
pp. 400 et seq., 1S90. 
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originally defined the terms, differs from the Wichita in having a 
greater nmnber of limestone beds and in containing beds of gypsum. 
About 11 miles southwest of Quanah and 7 miles south and a little 
west of Goodlet, in the " breaks " of Pease River, all the strata which 
reach the surface in the Quanah area are well exposed, the detailed 
rock section being as follows : 

Section at wooded hluff half a mile west of the west line of sec, 287. 

[See graphic section on Plate XIV.] 

Ft. In. 

(A) Limestone, coarse grained, soft 6 

Shale, red and blue 26 

Gypsum, soft, granular 3 

Shale, red and blue 25 

(B) Gypsum, base soft, upper part hard, white 10 

Limestone, fosslliferous 8 

Shale, red at base, gray above U 

Gypsum 9 

Shale, calcareous, gray, containing some thin Ume- 

stone layers that weather white 6 

(D) Limestone, hard, light gray, weathering white; prom- 
inent over much of field 8 

Shale, gray and green 6 6 

Gypsum, white and blue, hard 9 

Shale, gray and red 8 

Limestone, white, fine grained, perforated with Ih- 
numerable small holes about one-sixteenth of an 

inch in diameter 4 

Shale, blue and greenish gray 3 6 

(G) Gypsum; soft and granular in lower part; hard, blue. 

tinted with red, in upper part 21 

Shale, red 5+ 

Base not exposed. 

154 8+ 

In the section given above the bed of gypsum 21 feet thick (bed G) 
appears to be the same as that which is mined at Acme. The 3- foot 
bed of hard light-gray limestone weathering white (bed D), which 
Hes about 35 feet above the top of the thick gypsum bed, forms the 
^rface rock over much of the area and may be used as a con- 
venient horizon marker in the determination of structure. The 
8-mch bed of limestone recorded 30 feet above the white limestone 
appears in some places to be represented by a bed several feet thick, 
as if part of the overlying gypsum bed (bed B) were replaced by 
limestone. The highest limestone bed noted in the section (bed A) 
is the same as that which caps the line of wooded hills several miles 
^est and southwest of Goodlet. 
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METHODS OF WORK. 
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In the prosecution of the field work locations were made an 
tudes determined by means of a plane table and telescopic alid 
the 3-foot bed of limestone (D in section on p. Ill and PL 
which lies about 35 feet above the thick gypsum bed (G) 
Acme. Where this bed is not exposed or has been removed by er 
altitudes were determined on other beds which lie either a 
below it and whose relations to the limestone bed are known 
comparison of these numerous observations of altitude throu 
the field it has been possible to determine the localities in whi 
limestone bed has been thrown into gentle folds by earth move 
and those in which it is undisturbed and comparatively horiz 
In other words, it has been possible to distinguish the location 
upf olds or anticlines where such exist which may have influen 
accumulation of oil and gas. ^100; * ' 

On the map which accompanies this report (PL XIV) ou 
are indicated by crosses, the altitude of each outcrop is given a 
letter referring to the rock section at the side of the map showsi 
stratigraphic position of the bed on which the altitude was d 
mined. The estimated altitude of the limestone key rock (D) is gi' 
in parentheses at outcrops in which it is not exposed. 

Altitudes in the field were calculated by means of vertical-a 
readings and are correct with reference to one another within 5 
The elevation above sea level as represented by them is not p 
being estimated approximately from railroad profiles. 

STRUCTURE. 

The prevailing dip of the beds throughout this region is to l*^p 
northwest, and the angle of dip is comparatively low, in many locitj 
ties not more than 10 or 20 feet to the mile. The monoclinal st 
ture, however, is by no means regular and is interrupted by mini 
folds or domes which appear to be superimposed upon it. ^^^^ 

Southeast of Quanah the dip to the north or northwest is apparel 
in the difference of 150 feet in the altitudes of the Medicine MounJ 
and the prominent limestone hill in sec. 104, 5 miles northwest o^^ 
them. The Medicine Mounds were not visited, but there is littf 
doubt that the bed which caps them is very near the horizon of th^ 
which is exposed on the hill in sec. 104 and which caps the line fltj^L 
hills extending northeast from it, if it is not, in fact, the same beq 

On the south side of Groesbeck Creek, about 4 miles northeast 01 
Quanah, excellent exposures of the limestone and gypsum beds occut^ 
in sees. 95, 99, 100, 101, and 120. In this locality the beds dip to th« 
north at the rate of about 16 feet to the mile and strike appro^ 
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mately east. The limestone bed (D) is here 60 or 70 feet lower in 
altitude than on the hill in sec 104. It is also exposed about 1 mile 
north of Quanah at the same altitude as in sec. 101. In sec. 140, 1^ 
miles southeast of Quanah, is a poorly exposed limestone which may 
represent the same bed (D). If this identification is correct, the 
strata at this locality occur at about the same altitude as corre- 
sponding beds in sec. 104, and the dip to the northwest in that section 
persists only for a short distance in the direction of sec. 140 or is 
reversed, forming a very shallow syncline between sec. 140 and sec. 
lOi. Between the exposure in sec. 140 and that mentioned 1 mile 
north of Quanah there appears to be a dip of 44 feet. In sees. 169, 
167, and 194 the limestone (D) is at about the same altitude as in 
sec. 143, showing that the bed in these and intervening sections is 
practically horizontaL There is, however, some uncertainty as to the 
identification of the limestone in sec. 194. The bed there exposed 
may be a somewhat higher limestone; but if not, there is a slight dip 
to the northwest, toward Acme. A mile north of Acme, in the NE. J 
sec. 227, the limestone (D) is at an altitude of 1,577 feet. In the 
SW. I sec. 206 it is 17 feet lower, and therefore there is little doubt 
that it dips either to the north or northwest in the vicinity of Acme. 
At the Doyle well, in sec. 199, a bed of gypsum supposed to be the 
same as that (G) underlying the limestone is at an altitude of 1,546 
feet, and as the limestone (D) is 32 feet higher, were it exposed at 
this well it would be at an altitude of 1,578 feet, or at about the same 
altitude as the bed in sec 227, just north of Acme. 

Unfortunately exposures in this locality are so poor and so far 
separated from one another that exact correlation is very difficult. 
If the beds at these several localities have been correctly identified, 
there exists between Acme and the Doyle well (sec. 199) a very shal- 
low sfyncline, the strata in the vicinity of the well being at least 18 
feet higher than those in the axis of the syncline. Beyond the well 
the beds appear to rise toward the west, for in the NW. i sec. 240 
the limestone (D) lies at an altitude of 1,596 feet, or 18 feet higher 
than it is at the Doyle well. From this outcrop there appears to be a 
rather pronounced dip to the northeast, and in sec. 232 the limestone 
is at an altitude of 1,575 feet, or 21 feet lower than the same bed a mile 
to the southwest. It would appear, therefore, that a small roll or 
anticline exists in this locality, the axis of which crosses the NE. \ 
sec. 240 and trends in an east or southeast direction toward the Doyle 
well but pitches in this direction so that the Doyle well is not on the 
highest part of the fold. 

One mile south of Goodlet and 3 miles due west of Acme the 
limestone (D) is exposed at about the same altitude as in the vicinity 
of Acme. Six miles due west of Goodlet the highest limestone (A) 
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in the section caps a prominent hill in the SW. J sec. 358, where the 
strata dip at a low angle to the west. The key limestone (D) is ex- 
posed a mile southeast of this locality, in the SE. J sec. 357, where 
it dips to the east or southeast, or in the opposite direction from the 
dip in sec. 358. There is, therefore, in the northern part of sec. 357 
a small dome or anticline, probably of very slight extent, the axis of 
which appears to cross the north line of sec. 357 at about its middle 
point. About 3 miles south of this dome a dip to the north or north- 
west is apparent between outcrops of the highest limestone bed (A) 
southeast of Lazare, the strata rising toward the south or southeast 
in the direction of the prominent hills which cross the southwest 
corner of sec. 287 and which are capped by this bed. As the dip 3 
miles northeast of Lazare is to the southeast or south and the dip 
southeast of Lazare is to the north or northwest, it is apparent that 
there is a syncline about 1 mile northeast of Lazare. 

possreiLiTrES of oil and gas in the vicinity 

OF QUANAH. 

The possibility of finding oil or gas in commercial quantities in 
the vicinity of Quanah is a subject on which no very definite con- 
clusions can be reached from an examination of the geology of the 
surface. The rocks of the lower part of the Wichita formation or 
the upper part of the Cisco formation, from which the oil of the 
Electra field, 50 miles southeast of Quanah, is derived, doubtless 
underlie the Quanah area, and there seems no good reason why the 
sands which are oil bearing at Electra should not contain more or 
less oil in the vicinity of Quanah. Pronounced domal or anticlinal 
structure, however, which appears to be, in the oil fields of this gen- 
eral region, one of the controlling factors in the acciunulation of oil, 
is not well developed in the Quanah area. The gentle northwest- 
ward dip of the rocks in this region is interrupted by small domes or 
anticlines, but the efficiency of folds in which the dips are so low in 
controlling accumulations of oil may be doubted. The question 
whether oil is present here can be answered only by the drill. The 
Doyle well, now being drilled 7 miles northwest of Quanah, appears 
to be near the axis of one of the small folds but rather low on the aids. 

A small fold which may be easily recognized from an examination 
of the surface is situated in sec. 357, 5 miles due west of Goodlet. 
This may be tested by a well just southeast of the southeast end of the 
prominent wooded hill in the SW. J sec 358. 

There is a pronounced rise of the beds from the vicinity of Quanah 
toward the great buttes known as the Medicine Mounds, which are in 
sec. G2, about 10 miles to the southeast. The area in the vicinity of 
the- mounds was not studied, but if, on detailed examination, a f[&^' 
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tening or reversal of dip is found southeast of the mounds, this area 
may be considered as worthy of a test. 

From the lack of surface exposures or of detailed well records in 
the area between Quanah and the Electra field, it is impossible at 
the present time to make accurate estimates of the depth at which the 
oil-bearing rocks in the Electra field may be reached in the Quanah 
area. The most productive sand in the Electra field is struck at a 
depth of about 1,000 feet. A rough estimate, which is all that can be 
made with the information at hand, would place the Electra sands 
about 1,000 feet deeper at Quanah than at Electra. In other words, 
the principal producing sand should be encountered at or a little 
more than 2,000 feet below the surface at Quanah. 

" Wildcatting " in an area in which the rock structure is no more 
pronounced than in the region of Quanah is attended with cojisid- 
erable risk and should be undertaken only by companies that can well 
afford to take the chance of failure. It is believed that the locations 
for test wells above outlined are the best in the area^amined. If 
tests in these localities should prove unsuccessful the chances of find- 
ing oil in the area would appear to be doubtful. 



GEOLOGY AND COAL RESOURCES OF NORTHERN TETON 

COUNTY, MONTANA. 



By Eugene Stebinoeb. 



INTBODUCTION. 

The paper here presented describes the coal resources of a large 
area in Teton County/ northwestern Montana, including the Black- 
feet Indian Reservation and a considerable area of the coimtry lying 
to the east. The scope of the paper is limited to a consideration only 
of those features having a bearing on the value and quantity of the 
coal present. The geology of the region is briefly described, the aim 
being to give a general imderstanding of the geologic setting in which 
the coals occur. 

Nearly all the rocks in northern Teton Coimty belong to formations 
that are of the same age as others which, elsewhere in Montana, con- 
tain almost all the coal found in the State. This fact led to several 
generoiis estimates as to the extent of the coal-bearing areas likely to 
be found in this region. Weed ' and Rowe ' have published maps 
on which the valuable bituminous coal area of the Great FaUs field is 
shown as extending northward entirely across Teton Coxmty to the 
Canadian boundary. Similarly, the presence of an extensive coal 
field, long actively developed at Lethridge, Alberta, 50 miles north 
of the boundary, gave rise to forecasts that a southward extension of 
that field, following the strike of the geologic formations, would be 
found on the line of the Great Northern Railway in northern Teton 
County. The result of the present work shows that although the 
coal-bearing formation of the Great FaUs field, the Kootenai forma- 
tion, is present in the area here described, the only coal in it is a bed 
6 or 8 inches thick in Marias Pass, also that although the horizon of 
the coal mined at Lethbridge is traceable entirely across this area, it 
shows only thin coal beds, nowhere over 18 inches thick. Although 
outcrops of coal are widely distributed in all parts of the county, the 
total amoxmt of coal is not large. There are coal beds between 1} 
and 3 J feet thick in three districts, comprising only a small percentage 

' Since the completion of this report the area in Rs. 3 and 4 W., on the east edge of the region here 
tecrlbedf has been included in Toole County, recently established. 
"Weed, W. H., The coal fields of Montana: Eng. and Min. Jour., vol. 53, p. 621, 1892. 
'Bowe, J. P., Montaoa coal and lignite deposits: Univ. Montana Bull. 37, Oeol. series No. 2, pi. 2, 1906. 
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of the total area described, but the general scarcity of fuel in the 
region, together with an increasing population due to the develop- 
ment of extensive irrigation projects, gives considerable importance 
to these small areas of coal land. 

The location and relative extent of the area described in this paper 
are shown on the index map (fig. 10). The area lies wholly in Teton 
County, occupying nearly all of its northern half, and contains about 
3,100 square miles, of which 2,425 square miles is in the Blackfeet 
Indian Reservation. The international boundary between Alberta 
and Montana forms its northern limit, the one hundred and twelfth 
meridian is the boundary on the east, and the irregular line formed 
by Marias River and Birch Creek is the boundary on the south. On 




Figure 10.— Index map showing location of northern Teton Connty, Mont, (shaded area). 

the west the examination was extended to the limits of the Indian 
reservation. 

The coimty is a gently sloping, nearly treeless plains region that is 
everywhere easily accessible and offers comparatively few obstacles to 
railway or road construction. The main line of the Great Northern 
Railway crosses the region in an east-west direction, and a local line, 
the Montana Western Railway, extends to Valier, in the southeast 
comer of the area. VaUer is the lai^est town and is the center of a 
thriving agricultural community, whose lands are watered by an 
extensive irrigation project, established imder the Carey Act, with 
headgates on the upper part of Birch Creek. Ethridge, Cut Bank, 
Browning, and Glacier Park are the principal towns on the Great 
Northern Railway. Browning is the seat of the Indian agency for 
the Blackfeet Reservation. The only postal facilities oflF the railway 
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are at Babb and Family, both of which are served by stage lines 
running out of Browning. On the Indian reservation settlement so 
far has been limited almost entirely to its west half, where Indian 
ranches devoted almost exclusively to the raising of horses and cattle 
lie along the principal streams. The extensive interstream stretches 
remain an open range country without fences or other improvements. 
On the east edge of the reservation the United States Reclamation 
Service has under construction a system of canals whose waters will 
irrigate an area of about 300 square miles lying in Tps. 30 to 35 N., 
Rs. 5 to 7 W. This area should eventually support a large population. 
The canals will take water from Birch and Out Bank creeks and all 
the streams lying between them. The area outside of the reservation 
is well settled, most of the land having been occupied during the 
recent movement of settlers to the plains region of Montana, after the 
development of dry farming. 

'FUSUy WORK. 

Classification of the public lands with respect to their mineral value 
was the immediate object of the work xmdertaken, and therefore in 
addition to a regional examination of the geology necessary to an 
understanding of its broader features the writer made a close inspec- 
tion of all the mineral-bearing tracts. The accurate location of these 
tracts with reference to the lines of the General Land Office surveys 
was also indispensable. The fact that six out of eight of the Cre- 
taceous and Tertiary formations present are likely to be coal bearing, 
together with the widespread occiUTcnce of coal in thin beds con- 
tinually suggesting the possibihty of the occurrence of thicker coals 
at a neighboring locality, made necessary a careful search for coal in 
all parts of the region. Because of the tendency of the soft bedrock 
formations to erode into badlands wherever the relief is abrupt, the 
exposures of the formations and coal beds on most steep slopes, and 
especially along the watercourses, are excellent and the presence or 
absence of coal in such localities could. be readily determined. The 
extensive interstream areas, however, are generally grassed over, 
affording but few scattered exposures, so that it is very difficult from 
a surface examination to determine the mineral value of the land. 

Good topographic maps were available for all of the area examined 
and were used in the field as base maps on which to plat the coal 
outcrops and other geologic data. In the Indian reservation the 
topography for most of the townships was sketched at the same time 
that the Land Office surveys were made — an innovation for work of 
this class, aflFording plats on the scale of 2 inches to the mile, made 
directly in the field with special reference to the land subdivisions. 
The only exception to this procedure was in the northwestern part of 
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the reservation, where the topography of the Browning and Chief 
Mountain quadrangles had abeady been sketched and was transferred 
to the township plats after the Land Office surveys were completed. 
The land comers are well marked and easily found in all parts of the 
region, especially on the Indian reservation, where iron pipes marking 
the allotments to the Indians have been placed on a large percentage 
of the comers. In the Valier coal field on Birch Creek the 6 miles of 
sinuous outcrop of the nearly horizontal coal bed was traversed with 
the stadia and plane table. But in the Blackfeet coal field, between 
Greasewood Creek and the Middle Fork of Milk River, the rocks dip 
steeply and the outcrop of the coal beds make nearly straight lines, 
all trending in the same direction. These were easily located at 
points where they cross the land lines, without recourse to the plane 
table. 

The investigation was carried on by the writer, working alone, 
b^inning in July, 1911, and continuing through a part of each of 
the field seasons of 1912 and 1913. 

TOPOGRAPHY. 



The area described in this report lies on the west border of the 
Great Plains region, at the foot of the Rocky Mountains. (See PI. 
XV.) The front range of the moimtains rises with a wall-like abrupt- 
ness from the plains without marked foothills. As seen from elevated 
points on the mountains, the plains appear to extend indefinitely 
eastward as a single surface with monotonous regularity. On closer 
examination, however, the part of the plains in the area here treated 
proves to have considerable reUef, with low plateau-like areas in 
places, together with extensive dissected tracts along the principal 
streams. The total range of elevations on the general slope of the 
plains is about 2,500 f oet. This hes between altitudes of about 6,000 
feet on the plateau-like areas at the base of the moimtains and 3,500 
feet, the general elevation of the plains on the east edge of the area 
mapped. Along the valleys of the main streams in the south half of 
the area, such as Cut Bank and Two Medicine creeks, the relief 
between the valley floor and the general level of the adjacent plains 
ranges from 350 feet in the lower parts of the valleys through grad- 
ually increasing slopes to about 1,200 feet at their upper parts, near 
the front of the mountains. In the northern part of the region, how- 
ever, in the valleys of the several forks of Milk River, which are much 
feebler streams than those above mentioned, the corresponding relief 
ranges only from 300 to 700 foot. In the extreme northeastern port 
of the area, the valley of St. Mary River, which not only carries a very 
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vigorous stroam but also has been heavily glaciated, has a relief of 
1,000 to 1,600 feet. 

The topographic types that give a distinctive character to the sur- 
face features in different parts of the region are (1) liigh-level sloping 
plains or plateau-like areas, (2) low-level plains, (3) escarpments, 
two of which are continuous across the entire area, (4) badlands, and 
(5) glacial moraines of considerable extent. The high-level plains 
are found in the western part of the region, adjacent to the mountains, 
in nimierous isolated tracts from a fraction of a square mile to 40 
square miles or more in extent and are doubtless remnants of an older, 
ahnost perfectly formed plain. They are covered with a veneer of 
gravel made up of rock types found in the adjacent mountains, and 
have remarkably smooth surfaces with a very regular slope to the 
northeast, away from the mountains. Milk River Ridge and St. 
Marys Ridge are t3rpical of the larger of these areas. Below these 
higher plains are found lower plams that are much more extensive 
and mei^e eastward mto the general level of the Great Plauis region. 
Where best developed these plains also carry a veneer of gravel and 
have an even slope eastward away from the mountains. The best 
examples of the lower plains are Carlow Flat, an extensive and very 
evenly graded surface crossed by the Great Northern Railway west of 
Cut Bank, and the equally well-developed plain lying between Cut 
Bank Creek and Greasewood Creek a few miles northwest of Browning. 

In the eastern part of the field, extending northward from Ethridge 
on the Great Northern Railway, there is a very striking sandstone 
escarpment, locally known as '4he rim." This scarp is continuous 
for 35 miles, reaching almost to the Canadian line at Sweet Grass. It 
faces eastward and ranges from 350 to 600 feet in height. It is made 
up of the Viigelle sandstone, lying practically horizontal, whose 
massive upper member forms continuous cliflFs of bare rock that are 
impassable in most places. About 30 miles to the west is a second 
escarpment that is a close counterpart of the first. It trends north- 
ward and is made up of the Horsothicf sandstone. It is best devel- 
oped in Rim Rock Butte and Horscthief Ridge, between Cut Bank 
Creek and Milk River, although there are extensions of it to the south, 
notably at Family, on Two Medicine Creek, and southward from Four- 
horns Lake, in the southern part of the Indian reservation. Both of 
these escarpments are due to the greater resistance to erosion offered 
by the sandstone compared with that offered by a soft shale which 
lies beneath it. Near the mountains, in a belt about 15 miles wide 
extending northeastward entirely across the Indian reservation, 
where all the rocks lire much disturbed, the same two escarpment- 
forming sandstones appear, where steeply tilted, as persistent hog- 
back ridges as much as 3 miles in length. 

98867<>— Bull. G21— 16 9 
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The fact that several of the formations in this r^ion are soft and 
easily eroded has led to the development of extensive badland areas 
in many places where the relief is abrupt. On Milk River near Land- 
slide Butte, in the northern part of the field, is a worthless area of 
highly dissected topography that lies along the river valley for a dis- 
tance of about 7 miles and extends back on each side as much as 2 
miles. A similar but more extensive area cut in rocks of the same 
kind lies along Two Medicine Creek, where, from the mouth of Badger 
Creek downstream, typical badlands are developed in a belt about 12 
miles long and 1 J milesr wide. There are less extensive areas of similar 
topography in many other places, principally along the main streams. 

The surface of the region has also been modified by glaciation during 
several distinct stages in Pleistocene time. Bowlder clay and other 
drift deposited at the time of the last advance of the glaciers which 
invaded the area, both from the high mountains on the west and 
from Canada on the northeast, cover large tracts and effectually 
conceal the underlying Tertiary (?) and Cretaceous bedrock forma- 
tion. The drift is in some places as much as 250 feet thick. In the 
eastern half of the region there is a bowlder-strewn belt of the north- 
eastern continental drift that has a rough kettle and moraine topogra- 
phy and is continuous from the valley of Milk River, on the north edge 
of the region, eastward and southward for over 40 miles. In the west- 
em half of the region the upper parts of the vaDeys of St. Mary River 
and Cut Bank Creek are thickly strewn with drift of mountain glaciers 
that came from the west. Farther south much more extensive 
glaciation centering along the valley of Two Medicine Creek extended 
38 miles from the moimtain front, leaving considerable areas of 
rough moraine. The largest of these areas extends from the region 
between Willow and Cut Bank creeks, near Browning, eastward to 
Carlow Flat and Two Medicine Creek. 

DRAIN AGE. 

The streams on the plains of northern Teton County flow in a 
general northeastward direction, away from the mountains, and the 
principal valleys are paraUel. Those that head in the mountains and 
therefore are clear and swift pereimial streams are Birch, Badger, 
Two Medicine, and Cut Bank creeks and St. Mary River. Milk River 
and its several forks, on the other hand, do not head in the mountains, 
and are therefore relatively sluggish and muddy. St. Mary River is 
tributary to Hudson Bay, whereas the other streams form part of the 
Missouri River system. Except dxiring the June rise all of the 
streams in the region can be forded at numerous wagon crossings. 
The mean annual rainfall in the eastern half of the country is some- 
what under 20 inches, and that area is therefore poorly watered 
except by the streams coming from the west. 
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GEOIiOGY. 

STRATIGRAPHY. 

GENERAL FEATURES. 

The geologic formations in the region here described are all sedi- 
mentary in origin and range in age from Lower Cretaceous to prob- 
ably basal Tertiary. All the rocks are apparently conformable, 
there being no recognizable break or disturbance between any of 
them or any evidence that points to the existence of an important 
erosion interval. The sequence of the formations in the Upper 
Cretaceous part of the section is different from that so far described 
for any other locaUty in Montana, owing to the fact that in this 
region the marine invasion represented by the Claggett shale did not 
extend so far west as the present position of the Rocky Mountain 
front between latitudes 48° and 49° N. An accoimt of these interest- 
ing relations has already been published.* 

Two of the formations, the Colorado and Bearpaw shales, are 
unquestionably of marine origin and were laid down during separate 
epochs in which a comparatively shallow sea covered the entire region. 
The remaining formations are mainly of continental origin — that is, 
they are irregularly bedded rocks that were for the most part rapidly 
deposited by stream and wmd action over land areas that were only 
slightly above sea level and thus afforded the marshes and swamps 
necessary for the accumulation of the vegetable matter forming the 
coals now found in these beds. 

The succession of formations, together with the principal features 
of theTithology, are outlined in the following table: 

' Stebinger, Eugene, The Montana group of northwestern Montana: U. S. Geol. Hurvey Prof. Paper 00, 
pp. 61-68, 1916. 
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Formations occurring in the plains portion of northern Teton County, Mont. 



System. 


Series. 


Group and forma- 
tion. 


Thick- 
ness in 
feet. 


Character of tlie rocks. 




Uei>ent. 


9 

Alluvium. 




I>epo8its of small extent found along flood 
plains of the larger streams. 


Quaternary. 


I'leistocene. 


(Uacial drift. 




Bowlder clay, gravel, and lake silt and clay. 
Contams bowlders and cobbles of granite, 
gneiss, quartzite, etc., transportcl from 
other regions. Deposits are of several 
stages not distinguished In this repcm. 


Tertiary (7). 


Koeene(7). 


Willow Creek for- 
mation. 


720-1- 


Variegated clay and soft sandstone, chiefly 
maroon to chocolate-brown, with sulwr- 
dinate gray, yellow, and greenish-gray 
beds. Fragments of fossil bones are com- 
mon. Clay in many piac^es contains thm 
lenticular beds of purpIlsh-gray limestone. 
Forms a red soil over large areas. Top not 
seen. 




St. Marv River 
formation (coal 
bearing). 


aso 


Alternating clay^ clay shale, and soft sand- 
stone, the sandstone is much cross-bcxide'l 
and ripple-marked. Colors are gray to 
greenish gray, with a few red layers in tlie 
clay. Contains a few thin lenticular lime- 
stones, many fragments of dinosaur bones, 
and fossil shells. 




Upper Creta- 
ceous. 


■ 

5 

§ 

• 


Horse thief 
sandstone. 


225-375 


Gray to greenish-gray sandstone, weathering; 
buff. Tliin bedded and somewhat shaly 
in lower half. In upper hal f generally mas- 
sive and concretionary, wealherinjr in cas- 
tellated forms. In places near the top con- 
tains titaniferous magnetite. Has many 
shell beds, mainly of oysters. 




B ear pa w 
shale. 


490 


Dark-gray clay shale with a few limestone 
concretions. Contains abundant marine 
shells. Forms a subdued rounded top(^- 

raphy. 

• 


Cretaceous. 


Two Medicine 
format i o n 
(coal bear- 
ing). 


1950 


Gray to greenish-gray clay and soft irregular 
sandstone, which Is most abimdant in the 
lower 250 feet. In places thin beds oi rci 
clay and nodular limestone. Contains an 
abundant reptilian fauna of Judith River 
types, besides leaves and shells. Contains 
coal l:)eds near the base and at the top. 




Virifelle sand- 
stone. 


220 


Gray to buff coarse-grained, much cross- 
bedded massive sandstone, with many 
ferruginous concretions in upper half. In 
lower half slabby eray sand!stone, becom- 
ing shaly toward the base. 




Colorado shale. 


1,500± 


Bluish-gray shale with a few limestone con- 
cretions. Contains an abundaAc'O of ma- 
rine shells. Forms a subdued and roumlfi 
topography. Complete undisturbed sec- 
tion not i)resent. 


* 


Lower Creta- 
ceous. 


Kootenai forma- 
tion. 


2,000± 


Gray sandstone and shale, alternating with 
maroon clay shale and massive gray sand- 
stone. Contains a conglomerate 6 to 50 
feet thick near the center. Contains a tew 
leaves and fresh- water shells. Complete 
undisturbed section not present. 
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NGN COAL-BEARING FORMATIONS. 

In addition to tho glacial deposits and the two marine formations 
(the Colorado shale and Bearj^aw shale), four of the formations, the 
Kootenai formation, the Horsethief and Virgelle sandstones, and tho 
Willow Creek formation, consisting mainly of deposits of continental 
origin, are not coal-bearing in the region here described. JiM these 
formations may contain small fragments or pockets of coal, or even 
seams as much as several inches in thickness, but it is practically 
certain that they do not contain valuable coal- beds. Fragments 
of coal a few inches in size are often found in exposures of glacial 
drift, especially in the eastern part of the area. These fragments 
were transported considerable distances and should not be assumed 
to indicate the existence of valuable beds of coal near at hand. 
Thin seams of coal in the Kootenai and Willow Creek formations 
and pockets of coal in the Virgelle and Horsetliief sandstones are 
very unlikely to thicken with depth and do not justify extensive 
prospecting. 

The Kootenai formation is the oldest formation in tho plains por- 
tion of northern Teton County. It is exposed only in the belt of dis- 
turbed rocks lying adjacent to the mountains. In this disturbed belt 
folding and especially thrust faulting have so deformed the rocks that 
their exact sequence and thickness can not be determined, but the 
exposures are good and the noncoal-bearing character of the forma- 
tion is fairly certain. A few miles beyond the west border of the 
area the Kootenai overlies a black marine shale carrying Jurassic 
fossils. This, together with the fact that it immediately underlies 
the Colorado shale, gives the formation the approximate stratigraphic 
position of the Kootenai of the Great Falls region, 150 miles to the 
southeast, which has in turn been correlated with the Kootenai for- 
mation of British Columbia and Alberta by means of the character- 
istic fossil plant remains, mainly leaves, found at both localities. 
Black carbonaceous shale, with coal beds 6 or 8 inches in thickness, 
is the only coaly matter present in the formation in the area hero dis- 
cussed. The absence of greater amounts of coal is rather surprising, 
in view of its extensive occurrence in the typical area to tho north 
and also in the Great Falls region. In the fields in the vicinity of 
Crows Nest Pass, Alberta and British Columbia, the Kootenai con- 
tains as much as 215 feet of coal in less than 2,000 feet of strata, and 
in the Great Falls region the coal bed near the base of the formation 
is in places 14 feet thick. 

The Virgelle sandstone and Horsethief sandstone contain no coal, 
but are of considerable importance as key rocks marking the position 
of valuable coal beds that lie immediately above them. In each of 
the three districts in the region containing valuable coals the bods 
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lie within 10 or 15 feet of the top of one or the other of these two 
sandstones, which stand out as Vidges or escarpments, thus serving 
admirably as markers. This feature is accentuated by the fact that 
the upper part of each of the formations is a massive cliff-making 
sandstone. In the Blackfeet field prospectors shoidd depend on fol- 
lowing the ridges or "reefs'' of the Horsethief sandstone and digging 
for the coal bed that lies just above it. In the Valier field and in 
the district on Milk River cliffs of the sandstone lying nearly hori- 
zontal are reUable markers of coal above them. 

The Willow Creek formation, composed of clay shale and soft sand- 
stone, is lithologically identical with the coal-bearing St. Mary River 
formation lying just below it, except that the Willow Creek rocks are 
characterized by a dominantly red color instead of the light-grayish 
tints of the St. Mary River formation. It is not coal bearing in the 
area described and is easily traced by means of the red soil associated 
with it. To the north, in central Alberta, the red color of these rocks 
disappears and the strata at the same position are coal bearing. 

COAL-BEAKINO FORMATIONS. 
TWO MEDICnrS FORM ATI OK. 

The rocks here designated Two Medicine formation, about 2,000 
feet thick, comprise a great mass of rudely bedded whitish to gray 
clay and sandy strata. The irregidar bedding of these rocks suggests 
a hasty and unstable sedimentation, which was largely of stream 
character. This formation, together with the underlying Virgello 
sandstone, when traced northward proves to be identical with the 
rocks d(*signatcd Belly River series by the Canadian geologists. In 
western Montana, however, the Virgelle sandstone has been mai)pe(l 
over considerable areas as a distinct unit easily separable from the 
overlying softer rocks, so that the terra Belly River could not be 
consistently used in the area here described. 

The Two Medicine formation is coal bearing at three horizons — at 
tlie base of the formation, 250 feet higher, and at the top. Coaly 
matter is also present at many other positions in the formation in the 
form of beds of black carbonaceous shale 2 to 5 feet thick. Tlie 
lower 200 feet of the formation is more sandy than the remainder, 
probably half of this part consisting of massive sandstone in irregu- 
lar beds as much as 50 feet in thickness. Several of the more per- 
sistent of th(»se sandstones can bo traced for a mile or two, but in ' 
general the strata throughout the formation appear and disappear I 
within a few hundred feet. Above the basal sandy portion the for- 1 
mation is made up predominantly of clay and clayey shale of whitish 
to greenish-gray tints interbedded with a small amount of soft gray 
sandstone. Beds of red clay 1 to 2 feet thick are sparingly distributed 
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throughout these rocks and in places produce a delicate red Une in 
the badland exposures so characteristic of the formation. 

Fossils are abundant in the Two Medicine formation and include 
vertebrate, plant, and moUusk remains of many species. Bone frag- 
ments of dinosaurs of Judith River types, both herbivorous and car- 
niverous, and also of turtles can be found in almost any extensive 
exposure. Entire hmb bones 4 to 5 feet in length belonging to the 
larger dinosaurs were found at several locaUties. The moUusks are 
represented mostly by brackish and fresh water forms, especially the 
latter. Beds made up almost exclusively of unios are present at 
many horizons, in some places closely associated with the dinosaur 
l)ones. A single marine invasion of brief duration while this forma- 
tion was being deposited is represented by shells of the Claggett to 
Fox Hills near-shore fauna' found in sandstone about 200 feet above 
the base of the formation. The plant remains are mainly leaf im- 
pressions and silicified wood. The leaves are all of modem-appearing 
rouifer and broad-leaved types. The fossil wood is distributed 
throughout the formation, knots and entire sections of compressed 
tree trunks being common. 

In the eastern half of the area mapped the Two Medicine forma- 
tion, lying nearly horizontal, crops out in a broad belt from 20 to 30 
miles wide, making up the largest areal geologic unit in this region. 
In this belt of rocks the formation is well exposed in all the lai^er 
stream valleys froin Birch Creek to Milk River. The lower half of 
the formation is exposed along 12 miles of the lower part of Birch 
(-reek valley west of Valier. On Two Medicine Creek the entire for- 
mation can be minutely studied in practically continuous exposures 
that extend for over 20 miles westward from the mouth of the stream. 
In the vicinity of Cut Bank the lower sandy portion of the formation 
is completely exposed along 10 miles of the sharply trenched valley 
of (*ut Bank Creek, and on Milk River, north of Landslide Butte, the 
upper 800 feet of the formation is laid bare in extensive badlands. 
In the belt of disturbed rocks adjacent to the mountain front many 
tilted sections of the formation are exposed, but the strata can not 
be studied advantageously because as a rule their true sequence can 
not be definitely ascertained. 

ST. MART HIVE& FORMATIGir. 

The rocks included in the St. Mary River formation were first 
studied and described by geologists of the Canadian Survey along St. 
Mary River in Alberta, where they crop out for about 20 miles in the 
vicinity of the town of Spring Coulee. From this locahty the forma- 
tion is continuous southward across the international boundary into 

' StADton, T. W., Some variations in l^pper Cretaceous stratigraphy: Washington Acad. Sci. Jour., vol. 
3, p. Go, 1913. 
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the area here described. It is composed mainly of clay and clay 
shale and partly consolidated sand of gray to greenish-gray color. 
A few buff-weathering sandstones which arc not persistent are present 
in places. Red clay in be^s a few feet thick is intercalated through- 
out the formation, and some lenticular beds of limestone of various 
tints are also present. Bone fragments of undetermined dinosaurs, 
usually associated with shell beds of unios, are abundant in these 
rocks. Coal occurs at the bottom *of the formation and also at the 
top. On the whole the similarity to the underiying Two Medicine 
formation is very striking, and the two formations were doubtless 
laid down under similar stream conditions. 

Although the St. Mary River formation is exposed at many locali- 
ties in the area here described, there is no place where the complete 
sequence of the formation can be studied in detail. The best expo- 
sures are on the upper 7 miles of Little Rocky Coulee, where all but 
the lower third of the formation is laid bare in a small badland area. 
The base of the overlying Willow Creek formation is determinable 
solely by a change in color from grayish rocks to those that are 
dominantly red. This takes place in a 50-foot transition zone, in 
which red beds alternate with white to gray beds. In the disturbed 
belt of rocks adjacent to the mountains it is very difficult to dis- 
tinguish the St. Mary River and Two Medicine formations, because 
their composition and fossils are closely alike. If the underlying or 
overlying formations associated with each are present in normal 
contacts, the identity of the rocks can usually bo determined. Con- 
trasted with the Two Medicine formation the St. Mary River forma- 
tion is thinner and contains much loss fossil wood and fewer leavt^ 
and shells. 

STBTJCTURE. 

Structurally the area described in this paper can be divided into 
two largo units, differing greatly in the amount of deformation to 
which the rocks have been subjected. A slightly curving line sho^v^l 
on the geologic map (PI. XV), extending northward from a point on 
Birch Creek in R. 9 W. to a point on the Canadian boundary in T. 
37 N., R. 12 W., marks a sliarp transition between an area on the east, 
in which the beds are nearly horizontal and undisturbed, and an area 
on the west, adjacent to the moimtain front, in which the rocks have 
been folded and faulted to an unusual degree. The eastern area on 
the map is characterized by a simple arrangement of broad belts of 
outcrop with regular north-south trend, and the western area by a 
relatively complex arrangement of formation patterns. 

In the horizontal rocks tlierc is a slight, generally westward dip, 
varying from near zero to 5° in gentle undulating flexures witli an 
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average dip of not over 2°. As a result of this average westward dip 
of the bedrock formations, the youngest, or, in other words, the 
highest stratigraphically, the Willow Creek formation, lies farthest 
west in these nearly horizontal rocks, whereas the oldest, the Colorado 
shale, lies farthest east, on the east edge of the tract. Thus, one 
traveling westward up any of the principal stream valleys, as, for 
instance, from Marias River, up Cut Bank Creek, Two Medicine Creek, 
or Birch Creek, would cross all the formations present, in sequence 
from older to younger, in a distance of 35 to 50 miles. Between the 
southern slopes of Milk River Ridge and the international boundary a 
broad, open syncline whose steeper limb is on the west, lies on the west 
border of the area of horizontal rocks. Its axis is between 1 and 2 miles 
east of the line marking the transition to the disturbed belt of rocks 
and closely parallels that line. Farther north in Alberta this syncline 
broadens into a much more extensive feature, which continues to 
Calgary and beyond. On the south it is practically coextensive with 
the Willow Creek formation and does not reach beyond Cut Bank 
Creek. 

Minor undulations of the strata in the area of nearly horizontal 
rocks can be seen in detail only along the principal stream valleys. 
They are gentle monoclinal flexures in which the inclined beds are on 
the west, although in a few places reverse dips produce slight anti- 
clinal folds in the generally westward-dipping rocks. The change in 
structure from the nearly horizontal rocks in the eastern half of the 
reservation to the steeply dipping disturbed rocks in the western half 
is very abrupt. Where exposures are good, especially along the 
major stream valleys, this change can be seen to occur within a few 
feet, there being no intermediate zone of gentle folding. 

The disturbed belt of rocks adjacent to the mountains occupying 
the western third of the region here described is a small part of a 
structural area from 15 to 20 miles wide, lying at the base of the 
Rocky Moimtains, which extends at least 80 miles southeastward to 
and beyond Sun River and a much greater distance northwestward 
across Alberta. Throughout this area the rocks have been intensely 
folded and faulted by thrust stresses that acted from the southwest. 
In many places the individual formations are so much crushed and 
broken that it is impossible to identify them with certainty. The 
one constant feature in this whole disturbed area is the uniform 
northwesterly strike of the rocks. Because of this parallelism of 
strike the more resistant sandstones of the several formations appear 
as numerous parallel strike ridges, the same formation being repeated 
within short distances. 
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THE COAL.. 

GENERAL FEATURES OF OCCTJRRENCE. 

All the coal found in northern Teton County is of medium bitu- 
minous grade. It occurs in the Two Medicine formation and the St. 
Mary River formation, which have already been described. The 
valuable coal beds occur at five horizons in these formations, three in 
the Two Medicine and two in the St. Mary River. 

The map and sections on Plate XVI present graphically the impor- 
tant coal data for the area. All the valuable occurrences of coal are 
shown, the outcrops of beds that could be traced being indicated by 
black lines. Sections of the coal at many points on these outcrops 
are given, besides those of numerous scattered outcrops from beds 
that were either too thin or too much covered to warrant mapping. 
The scale of the map is too small to differentiate those parts of the 
outcrops where coal is actually exposed from the stretches that are 
grassed over or otherwise covered, but in the descriptions that follow, 
details of the actual outcrops upon which the tracing of individual 
beds depends are given. 

For convenience in presenting the detailed accounts of the coal the 
area here described is divided into several units. The subdivision is 
more or less arbitrary, because the small amount of mining in progress 
does not afford a number of districts which are separate centers of 
development. The coals in the area of nearly horizontal rocks in 
the eastern two-thirds of the area are first described, taking in turn 
first the Valier field, then minor coals from the Two Medicine forma- 
tion, and finally the coals from the St. Mary River formation. The 
coals in the disturbed belt of rocks occupying the western third of the 
area are described separately from those in the area of nearly hori- 
zontal rocks, because .the great difference in structure in the two 
tracts will demand very different types of mining in each. The 
description of the Blackfeet field, the one important area in the belt 
of disturbed rocks, is fiirst presented. Then ah account is given of 
the minor coals occurring in the disturbed belt in the Two Medicine 
and St. Mary River formations. 

COAL IN THE AREA OF NEARLY HORIZOIHI'AL R0CE:S. 

VALIER FIELD. 

The Valier field is about 7 miles northwest of Vaher on Birch 
Creek. It contains at least 5 square miles of coal land, nearly all of 
which lies in sees. 28 to 33, T. 31 N., R. 5 W. The coal crops out 
along the creek in a sharply cut trenchUke valley about 200 feet deep 
and can be studied in detail for 2 J miles along the course of the stream. 
Because of the excellent exposures of the beds present, the coal was 
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probably known to the pioneer cattle men in this region, and it haa 
been actively mined for at least 15 years. 

The coal occurs in two beds at the base of the Two Medicine forma- 
tion. The lower of these beds rests directly on the light-gray cliff- 
making member of the Virgelle sandstone, which is continuously 
exposed for many miles down Birch and Two Medicine creeks in a 
steep-walled box canyon that extends to Marias River. A section of 
the coal-bearing strata measured at locality 6,^ a short distance 
southwest of the west quarter comer of sec. 28, T. 31 N., R. 5 W., is as 
follows: 

SeHion of coal-hearing rocks on Birch Creek, at locality 6 in sec. 29 , T. SI N., R. 5 W. 

Sandstone, soft gray, weathers to a buff tint. 

Upper coal bed : Kt. in. 

Coal 2 

Shale, fissile, carbonaceoun 8 

Coal, clean and hard 4 

Clay, gray and compact 2 

Coal of good grade 1 6 

Clay, gray 10 

Sandstone, massive, white to gray 12 

Clay, dark gray 4 

Lower coal bed : 

Coal, very dirty, with a few clean streaks 1 4 

Shale, fissile and carbonaceous 1 8 

Coal, very dirty, with a few clean fragments 1 2 

Clay, dark gray 10 

Coal, clean and hard 8 

Shale, carbonaceous and fissile 2 

Sandstone, gray and massive, main member of Virgelle sand- 
stone 50+ 

The upper coal bed at this point is 2 feet 10 inches thick. The 
compact gray clay 2 inches thick in this bed, locally known as ''bone," 
is a persistent parting that appears in all the exposures throughout the 
field. It is very regular both in thickness and appearance. The 12 
fpet of white to gray sandstone lying between the upper and lower coal 
^ds is well exposed along the creek and is present as far as the coals 
persist. The lower bed, although it is over 7 feet tliick, is everywhere 
too dirty to be wopked, 8 inches being the greatest thickness of clean 
coal present. 

The coal-bearing strata in this field lie nearly horizontal. In gen- 
eral they hafve a slight inclination, not exceeding 45 feet to the mile, 
^^ a direction about S. 75° W., which roughly parallels the upstream 
Erection of Birch Creek. This dip, together with the uphill gradient 
01 the creek, gradually carries the coal beds toward the water level of 

» Locality numbers refer to corn«ponding numbers on riate XVI. 
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the stream, and the upper bed passes beneath the creek in sees. 31 and 
32. Thus much of the coal in sees. 30, 31, and 32 lies beneath the 
level of Birch Creek. 

The farthest upstream exposure on Birch Creek of the upper bod 
is at locality 1, in the SE. { sec. 31. Here the bed crops out for 
several hundred feet along the left bank of the creek, very close to 
water level. A section at this point is as follows: 

Section of coal bed at locality 7, in the SE. } sec. SI, T. SI N., R. 5 W. 

Clay, gray. Ft. in. 

Shale, carbonaceous and fissile, with thin layers of coal 10 

Coal, clean and hard 6 

Clay parting 3 

Coal, clean and hanl 1 6 

Clay, gray. 

Thickness of bed 3 1 

Thickness of coal 2 

The coal in both benches at this point seems to be of excellent 
quaUty. Even on a weathered outcrop it is hard, has a black shiny 
luster, and breaks out in cubic masses as much as 6 inches in size. 
The coal is prominently jointed in directions at right angles to each 
other. About 300 feet upstream this coal bed passes beneath the 
bed of the creek. At this point on the south side of the creek there 
is an excellent exposure of the rocks associated with the coal at the 
base of the Two Medicine formation, as follows: 

Section of coal -bearing rocks exposed on Birch Creek in the SE. \ sec. SI, T. SI A^, /?. 5 IJ'. 

Top of bluff. Ft. in. 

Interval, partly covered, but presumably of clay and shale 30 

Sandstone, coarse, gray to buff, making a le<lge on the slope 25 

Clay, white to gray 35 

Sandstone, massive, most prominent stratum on the slope, cross- 
bedded, gray to white 30 

Clay, gray 6 

Coaly shale, fissile 3 

Clay, white to dark gray : 21 

Clay and sandy clay, grading into sandstone 20 

Coaly shale, black, fissile 3 

Clay, dark gray, grading into sandstone * 12 

Coal, upper bed 2 3 

Water level of creek. 

The next exposure of the upper coal bed on Birch Creelc is a little 
over a quarter of a mile downstream, in the NW. i sec. 32, on the 
east side of the creek, where the bed has been mined for a number of 
years by A. G. Blair. The coal crops out in the steep bluffs slightly 
above the high-water line along the creek and has been worked in 
several short entries. A section of the bed at this point is as follows: 
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Section of coal bed at Blair mine^ in the N\V. \ sec. 32 ^ T. SI N.^ R. 5 W. 

Sandstone, massive, gray ami irrepriilar. Ft. in. 

Clay shale, gray 5 

Coaly shale, black and fissile 1 

Coal, clean and hard . 5 

Clay parting, somewhat sandy 2 

Coal, with a little sandy dirt ' 1 7 

Clay, gray. 

Thickness of bed 3 2 

Thickness of coal 2 

Tlie upper bench is in some places not more than 4 inches thick 
and in others a.s much as 12 inches. It is a shiny, black, fairly hard 
coal, and locally shows some whitish dirt. The lower bench, in 
places, is as much as 1 foot 10 inches thick, thus giving a maximum 
thickness of 2 feet 10 inches for this bed. The lower bench is promi- 
nently jointed and often breaks out in large blocky masses as much 
as 2 feet square. Immediately north of locality 2, on the opposite 
side of the creek, the same bed crops out for 400 to 500 feet, a short 
distance above water level, and at one time was mined at this point 
to supply coal to the Indian school at the Holy Family Mission, on 
the Blackf eet reservation. 

About a quarter of a mile northeast of the Blair mine the creek is 
cutting vigorously against its right bank, making a steep cut-bank 
face, which again exposes the coal bed. The croppings ai*e continu- 
ous for nearly 1,000 feet at this locality. A section of the bod near 
the center of this exposure gave the following: 

Section of upper coal bed at Slazak mine^ in the NW. \ sec. 32 ^ T. 31 N,y R. 5 W, 

Clay, dark gray, grading upward into gray sandstone. Ft. in. 

Shale, carbonaceous, with streaks of good coal 10 

Coal, clean and hard 6 

Clay, compact, and gray bone '. 2 

Coal, clean and well jointed 1 8 

Clay, dark gray. 

Thickness of bed . .' 3 2 

Thickness of coal 2 2 

There are tltree short entries on the bed at this exposure where 
nitning has been carried on by Paul Slazak for a number of years. 
The roof of the coal is generally a dark-gray clay, wliich grades 
upward into a soft gray sandstone. It caves badly and is irregular, 
l^eing replaced at many points by sandstone, although the thickness 
^nd character of the coal itself, with the 2-inch parting near the top, 
remain fairly constant. 

> Analysis 12427 on p. 138. 
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Near the south line of sec. 29, on the bend of the creek below the 
Slazak mine^ the lower coal bed, here practically at water level, is 
seen for the first time by one traveling down the creek. It is very 
dirty, containing only a few streaks of clean cod, and on the whole 
is worthless as a fuel. Immediately below it can be seen the light- 
gray Virgelle sandstone, rising gradually above water level as it is 
followed by the eye downstream imtil it stands as a white cliff more 
than 50 feet in height at the farthest visible bend of the creek. 

At locality 4, on the north side of the creek in the SW. } sec. 29, 
the upper coal bed has been mined in a strip pit paralleling the out- 
crop for some distance. The section at this point is as follows: 

Section of upper bed at locality -J, on Birch Creek, in theSW. J sec. ;^9, T, Jl A'., R, 5 W. 

Clay, 8oft, Kray. Ft. in. 

Coal, dirty 4 

Shale, carbonaceous and fissile 6 

Coal, of good grade 6 

Clay, compact gray bone 2 

Coal, clean and hard, with rectangular jointing I 9 

Thickness of bed 3 3 

Thickness of coal 2 7 

Directly across the creek from the locality noted above there are 
two sharply cut coulees joining the creek at right angles from the 
southeast. The outcrop of the upper coal bed extends about 1,000 
feet up each of these coulees in almost continuous exposure. In 
the western coulee there are two entries on the bed. The section 
of the coal is almost identical with that at locality 4. 

A quarter of a mile east of locality 4, on. the south side of the 
creek, there is a group of at least four entries extending along about 
1,000 feet of outcrop of the upper bed. These entries are badly 
caved and have been abandoned. They were probably made during 
the first mining in this field. Henry Wcimers was actively working 
one of these openings as early as 1901. 

At locality 5^ in the SE. J sec. 29, both the upper and lower beds 
are exposed above the cliffs of massive Virgelle sandstone about 50 
feet above creek level. The lower bed consists of 5 feet of black 
carbonaceous shale that weathers out in fissile papery layers. Inter- 
spersed through it are irregular streaks of clean coal as much as 4 
or 5 inches thick. The section of the upper bed at this point is as 
follows: 
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Section of upper coal bed at locality 5, in the SE, i sec. 29 y T. SI N., R. 5 W. 

Sandstone^ gmyt platy. Ft. in. 

Shale, coaly, with fragments of clean coal 11 

Coal, clean and hard 4 

Clay, of compact gray bone 2 

Coal, clean and prominently jointed 1 11 

Thicknessof bed 3 4 

Thickness of coal 2 3 

The section of the coal zone on the opposite side of the creek, at 
locality 6, where both beds are also exposed, has already been given. 

At locality 7, in the NW. J sec. 28, on the east side of the creek, 
there is a small entry on the upper bed that was badly caved at 
the time it was examined. An exposure of the bed in a cut at 
the mouth of this entry measures as follows: 

Section of coal bed at locality 7, in the NW. J src. 28, T. 31 N., H. 5 W. 

Ft. in. 

Sandstone, coaree, gray, grading upward into yellow clay 8 

Shale, carbonaceous, with coaly layers 6 

Coal, hard and shiny black 2 

Clay, compact gray bone 2 

Coal, of good grade and well jointed 1 7 

Sand, gray. 

Thickness of bed , 1 11 

Thickness of coal 1 9 

About 1,000 feet south of locality 7, on the same side of the creek 
and near the mouth of a small coulee entering the creek from the 
southeast, there is an entry about 100 feet long on the lower coal 
bed, which is the only entry driven on the lower coal in this field. 
The bed is well exposed as a thick black layer along the side of the 
coulee and on cursory examination might be mistaken for valuable 
coal. A section at the mouth of this cntiy is as follows: 

Section of lower coal bed at entry 1,000 f vet south of locality 7, in the SW. { NW. { sec. 

28, T. 81 JV., R. 5 W. 

Sandstone, firm, gray. Ft. in. 

Clay, gray, irr^ular .* 5 

Coal 3 

Clay, bluish gray 3 

Coal, largest bench in bed 8 

Shale, fissile, ash gray 6 

C^l 3 

Shale, fissile and coaly 2 1 

Clay, gray 3 

Sandstone, massive, gray, Virgelle sandstone 604- 

Thickness of bed 4 

Thickness of coal '... 1 2 
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In the NW. J sec. 29 is a large coulee which enters Birch Creek 
from the west and the lower part of which consists of a narrow 
rock gorge in Virgelle sandstone. There are several croppings of 
the upper coal bed in the lower three-fourths of a mile of this coidee. 
At locality 8, in the SE. J sec. 20, the bed measures as foDows: 

Section of coal beft at locality S, in the SE. { wc. 20, T. SI N., R. 5 W. 

SandHtone, yellowish gray, soft. Ft. in. 

Shale, carbonaceous and fist^ile 6 

Coal.: 4 

Clay, compact gray bone 2 

Coal, clean and prominently jointed 1 4 

Thickness of bed 2 4 

Thickness of coal 1 8 

,ThLs is the northernmost exposure of the bed in this field. It is 
aBniost identical with* the exposures all along the creek to the opposite 
end of the field, the thin parting with a thick bench of coal below 
it and a thin one above being present at every point examined. 
A quarter of a mile south of locality 8, on the south bank of the 
coulee, the sandstone forming the roof of the upper bed along the 
coulee has been baked throughout its lower 4 feet to a brick-rod 
tint, the color being deepest toward the base of the sandstone. 
This red color was doubtless caused by the burning of the coal at 
this point and is noteworthy as the only evidence seen in this region 
of the burning of coal along the outcrop, a feature which is so com- 
mon in the coal and lignite areas of eastern Montana. 

Toward the north both the coal beds in the Valier field thin out 
and lose their identity near the south line of sec. 21. On the east 
side of the creek there is no trace of the upper bed with its character- 
istic clay parting north of the small entry at locaUty 7, except a 
small bloom in the first coulee to the northeast. Beyond this point 
the rocks at the horizon of the bed are concealed for about half a 
mile on gentle slopes on both sides of the creek by the slumping of 
the gravel and tiU of the overlying glacial drift. The beds at the 
coal horizon can be seen next on both sides of Birch Creek near the 
center of sec. 21 at the top of the box canyon cut in the Virgelle 
sandstone. Here they consist of 15 feet of yellow iron-stained 
sand, much cross-bedded, which contains lenses and thin in*egular 
streaks of coal in great abundance. The largest of these lenticular 
masses seen measiu*ed 2 J feet thick by 8 feet in greatest dimension 
and was sharply outlined in the surrounding sand. Half a mile 
farther north, on the north line of sec. 21, the coaly matter in thi*^ 
sand is represented by a bed 2 J feet thick, of fissile carbonaceous 
shale with streaks of clean coal, which can be followed for about 
half a mile and then disappears. 
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At the time of the examination of the Valier field there wore no 
data available from well borings deep enough to have reached the 
coal horizon in the areas on either side of Birch Creek back of the 
outcrop of the one workable coal bed present. Inference as to 
the area underlain by this coal bed must therefpre be based on the 
extent and contmuity of its outcrop. The northeastward hmits 
of the coal area can be determined w^ith a fair degree of accuracy 
where the bed thins out in that direction, but southwestward the 
coal is last seen passing beneath the bed of the creek in sec. 31, T. 
31 N., R. 5 W., and the distance to which it extends underground 
ill that direction is very imcertain. The bed, though thin, is very 
i^ular and persistent from the northeast extremity of its outcrop 
to the point wliere it passes beneath the creek, and it may underUe 
a large area to the southwest. 

The coal in the one workable bed" on Birch Creek seems to be 
very uniform in character tliroughout its extent. The fresh coal 
at a working face has a bright luster and is fairly hard. In places 
it shows fine streaks of whitish dirt. It is everj^iere prominently 
jointed in two directions at right angles to each other, spaced at 
in-egular distances of 2 feet or less. This makes the coal break out 
in large blocks, many of which are as much as 2 feet square and as 
tliick as the entire lower bench of the coal bed at the point being 
worked. The coal withstands weathering verj'' well and does not 
slack on exposure. A 20-inch cube of it which had been kept for 
display, was examined and found to be firm and intact after over 
a year's exposure to the weather. Even the weathered face of the 
coal on natural exposures is hard, and the coal breaks out in cubic 
fragments of all sizes up to 6 inches across. The coal appears to 
t)e of about the same quality in all parts of the field. Its chemical 
composition is shown by analysis 12427 in the following table: 

98867*^— BulL (>21— IG 10 
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In the table the analyses are given m four forms, marked A, B, 
C, and D. Analysis A represents the composition of the sample 
as it comes from the mine. This form is not well suited for compari- 
son, because the amount of moisture in the sample as it comes from 
the mine is largely a matter of variable local conditions, and con- 
sequently analyses of the same coal expressed in this form may vary 
widely. Analysis B represents the sample after it has been dried 
at a temperature a little above the normal until its weight becomes 
constant. This form of analysis is best adapted for general com- 
parison. Analysis C represents the theoretical condition of the coal 
after all the moisture has been eliminated. Analysis D represents 
the coal after aU the moisture and ash have been theoretically re- 
moved. This is supposed to represent the true coal substance, free 
from the most abundant impurities. Forms C and D, which are 
obtained from the others by recalculation, represent theoretical 
concUtions that do not exist. 

In the analytical work it is not possible to detennine the proxi- 
mate constituents of coal or lignite with the same degree of accuracy 
as tlie ultimate constituents. Therefore the air-drying loss, moisture, 
volatile matter, fixed carbon, and ash are given to one decimal 
place only, whereas the ash (in the ultimate analysis), sulphur, 
hydrogen, carbon, nitrogen, and oxygen are given to two decimal 
phices. The determination of the calorific value to individual 
units is not reliable, hence in the column headed *' Calories" the heat 
values are given to the nearest five units, and in the column headed 
''British thermal units'' they are given to the nearest tens, as the 
value of a British thermal unit is about one-half that of a calorie. 

It is evident from the table that coal from the Volier field compares 
very favorably with either of the two coals which compete with this 
^'oal in its home market, namely, that from the Great Falls field, 
Montana, and that from the BeUy River field (Lethbridge), Alberta. 
The average heating value of two samples of Lethbridge coal collected 
Kv the writer and determined by the Bureau of Mine>s was, on the 
hasis of air-dried coal, 10,800 British thermal imits. (See analyses 
14882 and 14883.) For the Great Falls coal (see analysis 4115) this 
value is 11,400 British thermal units, and for theValier coal (see 
analysis 12427) it is 11,070 British thermal units. The ash content 
on the air-dried basis, is 10.3 for Lethbridge coal, 18.4 for unwashed 
i^n-of-mine coal from Great Falls, and 14.1 for Valier coal. The 
excess of ash in the Valier coal over that in the coal from Lethbridge 
^ considerable, but not as great as a casual inspection of the fuel 
Wis one to expect. This is due to the fact that the impurities in 
the VaUer coal are whiter than those in the coal from Lethbridge, so 
^^^i the Valier coal gives the impression of being a much dirtier 
fuel. On the whole it seems clear that coal from the Valier field 
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belongs to the bituminous class and compares favorably with the 
other bituminous coals of the same r^ion. 

SMALX, COAL BEDS IN TWO MEDICINE FORAIATION. 
COAL OH TWO KEDICIXnB CftVBK. 

There are a number of exposures of cither thin or very dirty coals 
in the badlands along the lower 10 miles of Two Medicine Creek. In 
going up the creek from its mouth the first of these exposures is 
found at locality 9, in the NE. { sec. 18, T. 31 N., R. 5 W. Hero 
60 feet above water level of the creek, immediately above massive 
cliffs of VirgeUe sandstone and therefore at the same horizon as the 
coal of the Valier field on Birch Creek, there is 1 foot 5 mches of coal. 
The upper 8 inches of this bed is very dirty, but the remainder seems 
to be fairly clean bituminous coal. The westward dip of the strata 
carries this bed down to creek level three-fourths of a mile upstream, 
in the NW. J sec. 18. 

Six miles farther up the creek there is a persistent bed of coal and 
coaly shale that can be followed for nearly 3 mUes. This bed li(« 
about 250 feet above the base of the Two Medicine formation and is 
approximately at the same stratigraphic position as that of more 
extensive outcrops of coal farther jiorth on Cut Bank Creek. At 
locality 10, in the NW. i sec. 3, T. 31 N., R. 6 W., the bed lies 
just below a 15-foot massive gray sandstone and includes 4 feet of 
dirty coal, which might better be described as fissile carbonaceous 
shale containmg fragments of pure coal. A quarter of a mUe west of 
locidity 10 the bed can be seen at the level of the creek. Farther 
downstream, on the south side of the creek, it can be traced along 
sevend miles of outcrop but does not contain clean coal at any point. 

Above locality 10 the badlands in the next 3 miles along Two 
Medicine Creek show many outcrops of black carbonaceous shale 
beds, none of which contains more than a few small lenses of c^oal. 
The largest of these beds is exposed as a prominent black outcrop 
that can be followed for over half a mile along the sides of the princi- 
pal coulee in sec. 36, T. 32 N., R. 7 W. 

COAL OH LOWEB PAKT OF CTTT BANK CHEEK. 

The beds at the base of the Two Medicine formation which cany 
the coal in the Valier field are exposed above the bold cliffs of Virgclle 
sandstone along the lower 10 mUes of Cut Bank Creek. A careful 
search was made in the clay and sandstone, but no coal was found. 
On the west side of the creek in sec. 5, T. 32 N., R. 5 W., the beds of 
this horizon contain several feet of black carbonaceous shale, which 
crops out at intervals across sec. 5. A mile farther downstream this 
carbonaceous shale is replaced by yellowish ferruginous sand and 
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sandy clay, similar to that found at the same stratigraphic position 
on the north edge of the Valier field. 

About 250 feet above the base of the Two Medicine formation 
there is a bed of coal and coaly shale that can be traced continuously 
for 10 miles along the valley of Cut Bank Creek from a point near the 
mouth of Spring Creek, 4 miles south of the town of Cut Bank, to a 
pomt 3 miles above the mouth of Big Rocky Coulee. The bed is ap~ 
proximately the same ,as the coal of locality 10, on Two Medicine 
Creek. It is thus evident that coal-forming conditions in this vicinity 
at this stage were fairly widespread for the distance between the 
northernmost exposure on Big Rocky Coulee and those farther south 
is over 20 miles. 

To the north, up the valley of Cut Bank Creek, the first outcrop 
noted that should probably be referred to this bed is in the NE. i sec. 
17, T. 32 N., R. 5 W. Here, at an altitude of 3,695 feet, in the bottom 
of the coulee crossing this quarter section, there are prominent crop- 
pings of black coaly shale with many small lenses of clean coal. 
About 1 J miles above the mouth of Spring Creek, in th^ S. J sec. 26, 
this coal bed is exposed for about 1,000 feet along both sides of the 
creek. A section of the rocks at this point is as follows: 

i^ection of coal-hearing rocks at locality 11 y 07i Spring Creek, in the S. J sec. 26 j T. 3S N.^ 

R. 6 W. 

Ft. In. 

Shale, carbonaceous, contains brackish- water shells 30 

Coal, lustrous and well jointed 1 2 

Clay, dark gray, with fossil shells 3 

Sandstone, massive gray, persistent 18 

Clay, carbonaceous. 

An ash determination of an outcrop sample from the coal in this 
exposure gave 19.16 per cent of ash on the air-dried basis. 

Two miles northeast of locality 1 1, in the SE \ sec. 24 of the same 
township, the bed contains 4 feet of coaly shale and can be traced in 
detail along the steep banks above Cut Bank Creek. Just west of 
the town of Cut Bank there are several exposures of the bed, but it is 
everywhere too dirty to be valuable as a fuel. These exposures 
occur (1) half a mile southwest of Cut Bank, at the top of the bluff 
above the creek, where the thickness is 3 feet; (2) near the top of a 
butte in the center of sec. 11, T. 33 N., R. 6 W., where 2 feet of dirty 
coal lies immediately beneath a fossil oyster bed; and (3) in a cut on 
the south side of the railway track in the NW. { of the same section, 
where there is 2 J feet of coaly shale. 

Between the point where the Great Northern Railway crosses Cut 
Bank Creek and the mouth of Big Rocky Coulee outcrops of the 
same dirty coal bed can be seen in every mile of the distance at alti- 
tudes which, because of the slight inclination of the strata, range 
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only between 3,710 and 3,750 feet. The fossil shells already noted 
in connection with several outcrops of the bed seem to be generally 
present here and aid in identifying the horizon. 

At locality 12, in the NW. J sec. 28, T. 34 N., R. 6 W., the bed 
crops out at an altitude of 3,720 feet, about 30 feet above the creek, 
as a dark band that can be followed for a short distance, dipping 
gently westward, or upstream. A section at this point, containing 
over 6 feet of black, coaly material is as follows: 

Section of coal bed at locality 12, in the NW. J sec. 28, T. S4 N., R. 6 W. 

Ft. in. 

Shale, coaly 2-|- 

Coal, clean and well jointed 1 2 

Shale, coaly 3 

Sandstone, gray, massive 20-f 

Half a mile upstream, at locality 13, in the NE. } sec. 29, the bed 
crops out on both sides of the creek only a few feet above water 
level. On the north side of the creek, close to the line between sees. 
29 and 20, the bed has been opened by a short entry made by A. E. 
Allison, and also in a strip pit paralleling the outcrop for some dis- 
tance. The coal that is being worked occurs 5 feet above the base 
of a 25-foot zone of carbonaceous shale lying upon the massive gray 
sandstone member noted at locality 12. Brackish-water shells are 
abundant in the carbonaceous shale. The bed of coal that is mined 
is the tliickest of a number of coaly layers occurring throughout the 
shale zone. It is 1 foot 10 inches thick and on the whole is very 
dirty, although there are clean streaks of hard, lustrous coal in the 
bed. It has conspicuous jomt planes and weathers out in cubic 
fragments. Approximate analysis of a sample cut from a fresh face 
of coal that was somewhat weathered is given as No. 12494 in the 
table on page 138. 

The analysis shows that on the air-dried basis this coal contains 
about one-tliird of its weight in ash, thus forcing its heating value 
below 9,000 British thermal units, although the heating value of 
13,510 British thermal units on the moisture and ash free basis 
shows that the actual fuel value of this coal is about the same as 
that of the coal from the Valier field. Attempts to market the fuel 
from this prospect at Cut Bank were misuccessful, doubtless owing 
to the high ash content. An attempt was also made to use the coal 
on a steam plow tractor belonging to the Office of Indian Affairs, 
but it was given up after a single day's trial. 

The slight westward dip carries the coal at the Allison prospect to 
creek level within a quarter of a mUe upstream. One mile farther 
north, however, on the sharp bend of the creek in the N. i sec. 20, 
tho coalv shale zone with brackish-water shells and several beds of 
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impure coal as much as 3 feet in thickness can be seen close to water 
level. The shale zone is about 35 feet thick and can be followed 
along the banks of the creek to, and a short distance above, the mouth 
of Little Rocky Coulee, where the dip of the strata finally carries 
it beneath the creek. 

The general northward strike of the rocks carries the outcrop of 
the coaly shale zone containing the coal bed mined at the Allison 
prospect northward across the area lying between Big Rocky and 
Little Rocky coulees, but it is nowhere exposed in this tract because 
of the cover of clay and sand of the glacial drift. On Big Rocky 
Coulee, however, at locality 14, in sec. 17, T. 35 N., R. 6 W., a coaly 
shale zone that is with little doubt at the same horizon in the Two 
Medicine formation is again exposed and can be traced eastward 
about 5 miles, as far as Headlight Butte, in the adjoining township. 

Section of coaly shah zone at locality 14 1 iti the NW. J sec, 17, T. 35 N., R. 6 W, 

Ft. In. 

Clay, gray, with 2-foot oyster bed near the base 20-f- 

Shale, carbonaceous 6 

Clay, gray 5 

Sandstone and shale, interbedded and containing coaly layers. 2 

Clay, gray 10 

Shale, carbonaceous, fissile, with many fragments of clean 

coal, is sandy in places 4 

Sandstone, massive, gray, and coarse grained 6-f 

Bed of creek. 

Three miles northeast of locality 14 the same beds crop out along 
the sides of the coulee in the E. i sec. 3, T. 35 N., R. 6 W. At this 
point the coaly shale bed is 4 feet thick, contains brackish-water 
shells, and is overlain by 7 feet of gray slabby sandstone. On Head- 
light Butte, near the center of sec. 18, T. 35 N., R. 5 W., the same 
bed crops out near the top of the butte and contains 3 feet of fissile, 
coaly shale beneath a thick bed of massive cros«;-bedded sandstone. 



COAL AT TOP OF •* THE RIM. 



f» 



The eastward-facing escarpment locally known as 'Hhe rim," 
extending northward from the Great Northern Railway near Eth- 
ridge to the Canadian hne, is made up of the Vtrgelle sandstone. 
The top of this sandstone escarpment was carefully examined for 
signs of coal, because the workable coal bed in the VaUer field on 
Birch Creek occurs immediately above this formation in the basal 
beds of the Two Medicine formation. On the lower pa^t of Cut 
Bank Creek no coal was found at this position. Northward from 
the latter locaUty for 20 miles, of which 12 miles lies along the top 
of '*the rim,'^ the basal beds of the Two Medicine formation are every- 
where concealed beneath a tliick cover of glacial drift. In the north- 
em part of T. 35 N., R. 4 W., however, they are well exposed at the 
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upper ends of a numl>er of coulees that have cut back into the escarp- 
ment. Exposures of thin coal in this vicinity a^e as follows: (1) 
In the NE. J sec. 10, T. 35 N., R. 4 W,, 3 feet above the top of the 
VirgeUe sandstone, 4 inches of dirty coal; (2) in the center of sec- 
1, T. 35 N., R. 4 W., 4 feet above the Virgelle sandstone, 6 inches of 
dirty coal; (3) at locality 15, in the SE. J sec. 18, T. 35 N., R. 3 W., 
3 feet above the Virgelle sandstone, 9 inches of dirty coal, exposed for 
one- third of a mile along the top of the escarpment. Northward 
from locality 15 to the Canadian boundary no further signs of coal 
were found, a thick cover of glacial drift concealing the beds of this 
horizon at nearly all points. 

COAL nr THE vicnrrrY of landslide bitttb. 

In the vicinity of Landslide Butte, the most prominent landmark 
in the eastern half of the area here described, there are outcrops of a 
thin coal bod in Tps. 36 and 37 N., R. 8 W., extending several miles 
both north and south of the butte. This coal bed lies at the top of 
the Two Medicine formation, immediately beneath the dark-gray 
Bearpaw shale, which makes the upper. 300 feet of Landslide Butte. 
The coal is too thin to be of value but is of interest because it occurs 
at the same horizon in the Upper Cretaceous rocks as the valuable 
coal that has been extensively mined 55 miles to the north, at Leth- 
bridgo, Alberta. At Lethb ridge the coal lies at the base of the dark 
marine clay shale called Pierre shale by Dawson.* This marine 
shale has been traced contuiuously along the outcrop into the area 
mapped in the vicinity of Landslide Butte as Bearpaw shale, so that 
the identity of the two formations is unquestionable. Southward 
from Lethbridge, where the coal is nearly 6 feet thick, coal at this 
horizon crops out at intervals but gradually becomes thinner until, 
on Milk River Ridge, 20 miles north of the international boundary 
Ime, the bed measures only 1 foot 6 inches.* From this locality to 
Landslide Butte no signs of coal have boon reported, probably be- 
cause for most of the distance the rocks are deeply covered with 
glacial drift. 

On Landslide Butte, at locality 16, in the vSW. \ sec. 32, T. 37 N., 
R. 8 W., the following sciction is exposed: 

Section of coal at top of Tiro Medicine forma I inn in the S\V. \ Sfc. S'2, T. 37 iV., R. 8 W. 

Ft. in. 

Sandstone, gray, elabby 2-\- 

Coal, clean and hard, breaking out in lust runs cuLir maRses. 6 

Coal, very dirty 7 

Coal, clean 1 

Clay, dark gray. 

> Dawson, (\. M., Iveport on tlio nvn')n in tli« vicinity of V>:)w and IWlly rivers: Canada (jboI. Survey 
Rept. I'rogress, IssJ-Lssi, p. 70c, 
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Traced down the coulee from locality 16 the outcrop of this bed is 
practically continuous for 2 miles along both sides of the coulee just 
above the steep badland slopes cut in the soft light-colored clay of 
the Two Medicine formation. At locality 17, in the SE. \ sec. 33, 
T. 37 N., R. 8 W., the bed is 4J feet thick but is all very shaly and 
impure, containing only a few streaks of clean coal. From this ex- 
posure the outcrop of the beds at this horizon around the east slopes 
of Landslide Butte and to the south is much covered because of the 

r soft nature of the overlying Bearpaw shale, and no coal was seen. 
In the SE. ^ sec. 5, T. 36 N., R. 8 W., the same coal bed is exposed 
in the coidee running southwestward from Landslide Butte. This 
exposure is west of and down the dip from the main outcrop, and is 
brought to the surface in an elliptical outcrop near the bottom of the 

' coulee by a slight flexure in the strata. A section on the best-exposed 

■ portion of this outcrop is as follows: 



Section of coal at locality IS, in the SE. J sec. .5, T. 36 N., H. 8 W. 

Ft. in. 

Clay, gray 2-\- 

Coal, shaly and impure 1 2 

Coal, clean and well jointed, lustrous 1 

Coal, very dirty, practically a coaly shale 2 10 

Sandstone, gray 3-f 

Soveral entries, one of which is at least 100 feet in length, were 
driven on the bed at this point but were abandoned because of the 
impure nature of the coal. 

Five miles southwest of Landslide Butte, on tlfb south side of the 
coulee, in the N. i sec. 32, T. 36 N., R. 8 W., the bloom of a thin 
coaly shale bed at this horizon can bo followed for a short distance. 
South of this locality the bods at this horizon were examined at man y 
points as far as Birch Creek about 50 miles distant, but at no placo 
were any indications of coal found. 

COAL IN ST. MARY RIVER FORMATION. 

Coal occurs at two horizons in the St. Mary River formation. The 
lower bed is at the base of the formation immediately above the 
Horsethief sandstone and contains coal of commercial value near 
the north edge of the area. The upper bed is near the top of the 
formation and occurs at one locaUty only. 

The lower coal crops out at intervals along R. 9 W. entirely across 
the area mapped, extending from Birch Creek to the Canadian 
boundary. The coal is generally too thin to be of value as a com- 
inercial fuel, but its frequent occurrence over so extensive a bolt of 
outcrop is of interest because it affords proof of widespread though 
transient coal-forming conditions at a stage inunediately following 
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the deposition of the Horsethief sandstone. The following coal out- 
crops at this horizon were found between Birch Creek, in T. 29 N., 
R. 9 W., and Horsethief Ridge, near the center of T. 35 N., R. 9 W.: 
(1) At locality 19, in the SE. i sec. 21, T. 29 N., R. 9 W., 11 inches of 
clean, lustrous coal above 6 inches of coaly shale, exposed for half a 
mile along Blacktail Creek: (2) in the SE. { sec. 34, T. 30 N., R. 9 W., 
at locality 20, near the head of the coulee leading northeastward to 
Fourhoms Lake, 8 inches of coal, from which there is a strong seep- 
age of water for a quarter of a mile on both sides of the coulee; 
(3) at locality 21, at the head of the box canyon at the lower end of 
Spring Creek (see section below); (4) IJ miles above the mouth of 
TVail Coulee, making a bloom for several hundred feet on the north 
side of the coulee, at locality 22, in the NW. i sec. 29, T. 34 N., 
R. 9 W., 6 feet of very dirty coal or coaly shale, containing streaks of 
clean coal; (5) at locaUty 23, in the NW. i sec. 17, T. 34 N., R. 9 W., 
4 feet of dirty coal, making an extensive bloom along the east bank 
of Cabelle Coulee, 2 miles west of Rim Rock Butte; (6) on the north 
side of Horsethief Ridge, just above cUflFs of Horsethief sandstone, at 
locality 24, in the SE. { sec. 14, T. 35 N., R. 9 W., 1 foot of dirty 
coal. 

The section at locality 21 is as follows: 

Section of coal at locality 21, in the NW. \ sec. .??, T. S2 A',, R. 9 W. 

Ft. in- 

Sandstone, with ferruginous concretionp 8 

Coal, clean and lustroufl 9 

Coal, very dirty and shaly 7 

Shale, dark gray 9 

Sandstone, massive and gray, massive member of Horsethief 
sandstone 10-f- 

Continuing northward the next outcrops were found in the vicinity 
of Croff's ranch, in the southwestern part of T. 37 N., R. 9 W., 
where there are two exposures of coal about 3 miles apart, upon what 
is probably a continuous bed, averaging 2 feet thick, at the base of 
the St. Mary River formation. About 500 feet north of the south 
quarter comer of sec. 31 in this township coal crops out in a cut 
bank on the east side of Milk River, where the section is as follows: 

Section of coal at base of St. Mary River formation at locality S5, in s(c. SI, T. 37 N.f 

R. 9 W. 

Ft. in. 

Clay, bluish, blocky 6 ' 

Shale, coaly 10 

Clay, bluish, blocky 2 

Coal, containing J-inch lustrous bands, well jointed but 

somewhat dirty 2 2 I 

aay, bluish 10 

Sandstone, gray and slabby , upper part of Horsethief sandstone . 12+ 

Water level of Milk River. 
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In the NE. J sec. 6, T. 36 N., R. 9 W., 1 mile southeast of locality 
25, the same coal bed makes a bloom extending in a northwesterly 
direction for over 1,000 feet. The exposure is not good, however, 
and no measurement of the bed was made. 

Northward from locality 25 there are no indications of coal on the 
grassy slopes at the base of the St. Mary River formation until Coal 
Coulee is reached, in the NW. J sec. 20. Here, at locality 26, on the 
northeast side of the coulee, the outcrop of the coal bed can be 
traced for a quarter of a mile along the steep slopes until the bloom 
and indications of coal smut are lost on the more gentle grassy slopes. 
At the mouth of a short entry, badly caved at the time it was exam- 
ined, the bed measures 1 foot 10 inches, without a parting. The coal 
was badly weathered and hence judgment as to its quality is imcertain. 
It very probably contains a considerable percentage of ash. About 
a mile southeast of locality 26, in the same land section but on the 
opposite side of Milk River, an isolated area of this bed occurs at 
the top of the escarpment made by the Horsethief sandstone. Smut 
from this coal is present over an area of several acres at this locality 
but there is no cover over the bed and the material is valueless as 
fuel. 

Coal from the upper horizon in the St. Mary River formation is 
present on the North Fork of Milk River where it crosses the inter- 
national boundary line. On the west bank of the stream, about 
1,500 feet north of the line, coal at this horizon, which has been opened 
by a short prospect entry, is excellently exposed for a quarter of a 
mile along the river bank. A section of the rocks at this pomt is 
given below: 

Suction of coal-bearing rocks near top of St. Mary River formation^ at locality ,?7, 1,500 
feet north of the north quarter comer of sec. 1, T. S7 N.y R. 11 W. 

Ft. In. 

Sandstone, gray 12 

Clay shale, bluish gray 4 

Coal 10 

Clay shale, gray 3 

Clay shale, bright green 15 

Sandstone, gray 5 

Water level of river. 

These strata dip very gently upstream, so that thfe coal bed is 
carried imder the water level of the river about 1,000 feet south of 
the boundary. Toward the south this horizon, near the contact of 
St. Mary River and Willow Creek formations, can be followed for 
about 24 mUes, almost to Cut Bank Creek, but no further indications 
of coal were found. 
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COAL IN THE BBLT OF DISTURBED BOCKS. 
BLACKFEET COAL FIELD. 

The Blackfcet coal field lies in the northwestern part of the Black- 
feet Indian Reservation, between Greasewood Creek and the Middle 
Fork of Milk River, in Rs. 11 and 12 W., and comprises an area 12 
miles long and 1 mile wide. This tract is named the Blackfeet field 
in this report for convenience of description. Its coal has been mined 
only to a shght extent because of its occurrence on an Indian reserva- 
tion, and very httle information concerning it is available. Because 
of the lack of development, it is impossible to make more than a 
rough estimate of the amount of coal in the field, but to judge from 
the extent of the beds along tlie outcrop, it seems probable that there 
is at least 5 square miles of land in this field which is underlain by 
bituminous coal that could bo mined commercially. 

The coal-bearing rocks in this field are in the belt of disturbed rocks 
adjacent to the Rocky Mountains. Tliey are much folded and some- 
what faulted, the coal being for the most part in a narrow syncline 
trending northwest, lying between two anticlinal folds, which bring 
the Horscthief sandstone to the surface. On the west, across the 
entire length of the field, this structure is cut off abruptly by a reverse 
fault, which has carried the rocks of the Two Medicine formation 
against the Horsethief sandstone and thus limits the field in that 
direction. On the east the steeply dipping rocks of the St. Mary 
River formation, with the coal horizon at their base, lie in regular 
succession above the eastward-dipping Horsethief sandstone, but the 
steep dip of the strata soon carries the coal beyond minable depth, 
thus limiting the field on the east. Compared with the simple struc- 
ture in the Vaher field, with its nearly horizontal strata, the lay of 
the strata in the Blackfeet field is relatively complex, and successful 
mining of the coal wiU depend largely upon a knowledge of the geology 
of the field. 

All the coal in the Blackfeet field occurs at the base of the St. Mary 
River formation, immediately above the Horsethief sandstone. Coal 
at this horizon has akoady been described as occurring in the area of 
nearly horizontal rocks at the Croff ranch and elsewhere to thesouth. 
In the Blackfeet field the Horsethief sandstone is of great importance 
as a marker, aiding in the location of the coal outcrop. At every 
point where there are natural exposures of the coal they occur at the 
sides of and parallel to ridges of this sandstone, which are often the 
only rock outcrops in sight. Tliese ridges are from 5 to 50 feet in 
height, depending on the dip of the strata and the position with 
reference to rehef and are composed of the coarse gray sandstone of 
the upper portion of tlie formation, which weathers buff, with rusty- 
brown f(^rruginous bands in places. Fossil oysters of two extinct 
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species, Ostrea suhtrigonalis, and 0. glabra j both in beds and as indi- 
viduals scattered through the massive sandstone, are abundant, 
which is characteristic of this sandstone in this region. A detailed 
section on the South Fork of Milk Eivor near the center of the field 
is as follows: 

Secliem of coal-bearing rocks at locality 31 ^ at base of St. Mary River for ination^ on east 
Jlanh of ridge of Ilorscthief sandstone ^ in the SE. J sec, 18, T. 35 JV., R. 11 W. 

Clay, greeDish gray. ^ Ft. in. 

Coal 6 

Shale, carbonaceous - 2 

Sandstone, gray and platy 1 

Clay, yellowif?h 2 

Coal, clean and lustrous 2 4 

Clay, greenish gray 8 

Sandstone, gray, platy 9 

Clay , gray 2 

Coal, clean and lustrous 1 10 

Clay, carbonaceous 1 

Sandstone, massive member of Horsethief sandstone 20-f 

Two coal beds of importance wore scon at oidy one other point in 
the field, but in general the exposures are poor and it is not improbable 
that two beds are everywhere present. 

A low strike ridge of Horse thief sandstone crops out entirely 
across the SW. } sec. 15, T. 34 N., R. 11 W., and can bo followed 
northwestward for several mUes. At locaUty 28, where the strike is' 
N. 22® W. and the dip 62® SW., a strong coal bloom occurs on the 
west side of this ridge, just above the top of the Horsethiof sandstone, 
and can be traced parallel with the ridge for about 1,500 feet north- 
westward. A trench dug across this coal bloom revealed 3 feet 6 
inches of coal lying between a clay roof and floor. Even on the 
weathered outcrop the coal appeared clean and lustrous, with a fine 
cubic grain and no parting. It is the tliickcst bod of coal so far 
fotmd in the field and is very probably of as good grade as that 
mined at the Stone ranch on the Middle Fork of Milk River. Tlie 
outcrop described lies on the east limb of a synclino of the St. Mary 
River formation, which is paralleled on each side by a narrow anti- 
cline, bringing the Horsethief sandstone to the surface. Northwest- 
ward along these folds the next indications of coal are found about 
2 miles distant, in the NE. \ sec. 9 of the same township. Here, 
above the Horsethiof sandstone and dipping about 35° E., there are 
faint indications of coal bloom for several hundred foot parallel to 
the sanc^stono outcrops. About half a mile northwest of these ex- 
posures, at locality 29, in the SE. \ sec. 5, the same bed crops out 
along the west hmb of the synclino above mentioned. The coal 
makes a strong bloom for 500 feet, paralleling the outcrops of the 
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Horsethief sandstone, which strike N. 23° W. and dip 30° NE. The 
bed is over 2 feet 6 inches thick, and rests on a floor of gray day. 
The roof of the coal could not be reached by a shallow trench because 
of the thickness of the slope wash, and the full thickness of the bed 
at this point is therefore not known. The coal is lustrous and clean 
and the portion of the bed seen contains no parting. At locality 30, 
in the NW. { sec. 4, the coal bed is again exposed, dipping eastward 
along the flank of the anticline on the oast edge of the field. The 
dip of the bed parallels the slope of the ground wherever the coal is 
exposed at this point, and the surface is therefore covered with a 
thick layer of coal smut over many acres, but it is very difficult to 
estimate the thickness of the bed. To estimate the true thickness 
from the layer of weathered coal on this dip slope, the bed is probably 
over 2 feet thick. 

Locafities 29 and 30, just mentioned, are on the south slope of 
Milk River Ridge, which forms the divide between Milk River and 
Cut Bank Creek. The surface of this ^* ridge'' is a smooth plain, 
covered with a veneer of gravel, which completely obscures all signs 
of the underlying bedrock formations. There is therefore a covered 
area several miles long in this part of the Blackfect coal field, but 
because of the fact that coal is present at the next good exposures 
to the north, it is not improbable that at least a part of this covered 
area is coal land. On the north side of Milk River Ridge, sloping 
toward Milk River, a folded structure similar to that on the south side 
of the ridge and on the same line of strike exposes the Horsethief 
sandstone and the St. Mary River formation. At locality 31, a quar- 
ter of a mile south of the river, in the SE. { sec. 18, T. 35. N., R. 11 
W., the coal bed is well exposed along the east limb of the anticline 
on the east edge of the field, where it strikes N. 18° W. and dips 48° 
NE. The complete section of the rocks at this point has already 
been given (p. 149). There are two coal beds present, separated by 
10 feet of sandstone and clay. Both of the coals crop out in an almost 
continuous bloom for 1,000 feet parallel to the ridge of Horsethief 
sandstone. The upper bed — that is, the one lying to the east— is 2 
feet 4 inches thick, and the lower bed 1 foot 10 inches. The coal in 
each of the beds appears to be of the same grade. It weathers out 
in fine irregular fragments, which on being freshly broken show 
faces of clean, lustrous coal. No parting is present in either of the 
beds, and the material seems to be identical with that in the southern 
part of the field already described. 

On the north side of the valley of Milk River the two parallel 
antichnes with an intervening syncline in the Horsethief sandstone 
and the St. Mary River formation, which have so far been charac- 
teristic of the coal field, still continue, except that the plane of the 
reverse fault on the west side of the field here cuts off a part and in 
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places even the crest of the west anticline. Two miles northwest of 
locality 31 an extended coal bloom shows in the northwest comer 
of sec. 7, T. 35 N., R, 11 W., at locality 32. It can be traced almost 
continuously for over a mile northwestward. The outcrop occurs 
just above the eastward-dipping Horsethief sandstone, and has a 
strike of N. 2V W. and a dip varymg between 40° and 53° NE. At 
locality 32, on the south end of this outcrop, a trench across the coal 
bloom exposed 1 foot 6 inches of clean, lustrous coal. At the north 
end of this outcrop, at locality 33, a pit had been dug, exposing the 
coal, but was refilled. The writer was informed by a resident of the 
region who took part in this prospecting that the coal measured 2 
feet in thickness. 

Between locaUty 33 and the Middle Fork of Milk River .the gravel 
of a smooth high-level plain, similar to Milk River Ridge and at 
the same altitude, obscures the underlying bedrock formations. 
Immediately north of this plain, on the dopes leading down to the 
Middle Fork of Milk River at the Stone ranch, the east anticline of 
two that extend throughout the length of the Blackfeet field exposes 
the Horsethief sandstone in two parallel strike ridges lying on the 
limbs of the fold. West of the anticline there is a syndine contain- 
ing the lower part of the St. Mary River formation, exposing on its 
west limb the upper massive member of the Horsethief sandstone. 
The lower part of the Horsethief sandstone is cut off by the reverse 
fault, which has already been described as the boundary of the coal 
field on the west, and which brings the Two Medicine formation up 
against the younger rocks containing the coal. The folded structure 
thus brings the Horsethief sandstone and the coal above it to the 
surface in three parallel lines of outcrop, marked by low ridges of sand- 
stone. Coal crops out along all throe of these ridges. 

At locality 34, about 1 mile southwest of the Stone ranch, on the 
west limb of the syncline above mentioned, a prospect entry driven 
by J. M. Stone along the strike of the coal bed, about 60 feet long in 
1911, was the only opening made in the coal of the Blackfeet field up 
to that time. This coal has been mined by Mr. Stone for his own use 
for many years. The bed has no parting and ranges from 2 feet 6 
inches to 2 feet 10 inches in thickness. It strikes N. 25° W. and dips 
40° NE. An analysis is given on page 138 (No. 12602). The roof is 
a compact gray clay shale, which stands fairly well and is overlain by 
gray sandstone. The floor is gray clay. Fresh coal from this opening 
is lustrous and clean, the only impurity visible being minute flakes of 
iron pyrite that are abundant on smooth faces of the coal. The coal 
is much jointed, but the joints are irregular and closely spaced and 
do not stand normal to the bedding. Their attitude and also a fine 
irregular grain in the coal show the effects of rotational strain, or tor- 
sion incident to the folding of the rocks, and contrast strongly with 
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the rectangular jointing normal to the bedding which is present in the 
nearly horizontal coal beds in the region to the east. Highly polished 
shckensided surfaces, with a few concentric pressure ridges, simu- 
lating conchoidal fracture, are further evidence of the deformation 
undergone by the coal. Minute spherulitic markings on small 
fracture surfaces are probably produced in the same way. The 
crushed condition of this coal makes it easy to work down with the 
pick, but even when carefully mined in this manner it produces a 
large percentage of fine coal. 

About three-fourths of a mile northeast of locality 34, on the oppo- 
site side of the syncline, the same coal crops out at locality 35, where it 
strikes N. 26° W. and dips 44° SW. Here, about 100 feet east of the 
southwest comer stone of section 25, T. 36 N., R. 12 W., the bloom of 
two coal beds lying about 10 feet apart can be traced along the out- 
crop, lying parallel to a prominent strike ridge of gray sandstone. 
Entries were driven by Mr. Stone on both of these beds where they 
crop out on the cut bank on the south side of the river, 1,000 feet to 
the north. At the time they were examined by the writer these 
openings were completely blocked by slumping. Mr. Stone reported 
that the lower bed — that is, the one lying to the east — ^was 10 inches 
thick, and the upper bed 2 feet thick. At locality 36, on the side of 
the anticline opposite locality 35 and a short distance south of the 
Stone ranch, the coal crops out with a dip of 65° NE. and a strike of 
N. 10° W. A shallow open cut exposes the following section: 

Si'ction of coal bed near Stone ranch j at locality 30, in the SW. { sec. 25, T. S6 JV., 

R. 12 W. 
Sandstone, gray. Ft. in. 

Coal, much weathered and very dirty 7 

Clay 1 

Coal, weathered and dirty 1 4 

Clay, gray. 

Thickness of bed 2 

Thickness of coal 1 ii 

The bed is probably the same as the upper one at locality 35. The 
outcrop is much obscured by soU creep, which makes it difficult to 
pass judgment on the quality of the coal. 

It is not possible to determine the quality of the coal in a bed by 
examinmg only its surf ace outcrop. The prospect at the Stone ranch 
is the only place where fresh, unweathered coal could be obtained 
from the Blackfeet field, so that an estimate of the grade of the fuel 
is necessarily based on this single locality. It is very probable, how^- 
ever, that except for variations in the ash content, the coal is fairly- 
constant in quality throughout the field, for it occurs at a single 
geologic horizon and has everywhere been subject to about the same 
amount of deformation. A sample from the Stone prospect, at 
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locality 34, carefully prepared according to the standards in use by 
the United States Geological Survey, gave analysis 12602 on page 138. 

On comparing this analysis with that of coal from the YaUer field 
it is evident that chemically the two fuels are very much alike. The 
deformation of the strata in the Blackfeet field has apparently raised 
the grade of the coal to only a very slight extent. The percentage of 
carbon in the fuel as given by the analysis on the moisture and ash 
free basis is 79 for the Blackfeet field and 76 for the Valier field. The 
moisture in the air-dried coal is 5.8 per cent for the former and 5.3 
per cent for the latter. Oxygen on the same basis is 15.32 per cent 
ia the Blackfeet coal and 15.07 per cent in the Valier coal. The ash 
content is slightly lower than in the Valier coal, being 12.73 per cent 
compared with 14.07 per cent. 

The heating value of the coal from the two fields is also nearly the 
same. Air-dried coal from the Blackfeet field gave 11,310 British 
thermal units and that from the VaUer field 11,070 British thermal 
units. The average of a number of samples of coal from the Leth- 
bridge field, in Alberta, gave 1 1,200 British thermal units on the same 
basis; and from the Great Falls field 11,040 British thermal units. 

The jointed and fractured nature of the coal bed in the Stone 
prospect has already been mentioned. This feature was observed in 
this locality only, but it is very probable that the coal will be found 
in a similar compressed and broken condition throughout the Black- 
feet field. This will cause a high percentage of fine coal in the pro- 
duction of this field, and lumps of coal above 4 or 5 inches in greatest 
dimension will be unusual. The fuel, however, withstands weathering 
very well and does slack even after long exposure. This ability to 
withstand weathering, together with the jointing in the coal and its 
dose chemical aflSnity to coals in Alberta and Canada long regarded 
as bitiuninous, seems to place the coal of the Blackfeet field in the 
bituminous class. 

MINOB OCCUBBENCES OF COAL IN THE BELT OF DISTUBBED BOCKS. 

All the geologic formations present in the area of nearly horizontal 
rocks in the eastern part of the region imder discussion also occur in 
the belt of disturbed rocks. It is thus evident that the beds at the 
horizons of the coal-bearing strata in the area of nearly horizontal 
rocks are to be found in the disturbed belt and must be considered 
as possibly coal bearing there. There are many scattered outcrops 
of coal in this belt, from the Canadian boundary to the south side 
of the area mapped. Outside of the Blackfeet coal field, however, 
every occxurence of coal found in this belt is so much distiffbed by 
folding and faulting that even where there is coal of a thickness that 
might be worked, the quantity is too small or imcertain to warrant 

98867**— Bull. 621—16 11 
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development. Begiiming at the north end of the disturbed belt, 
these scattered outcrops of coal will be described in the order they 
are passed in traveling southward across the field. 

At locahty 37, on the crest of the north-south ridge near the center 
of the SW. I sec. 29, T. 37 N., R. 12 W., 1 foot 1 inch of dean, well- 
jointed coal shows in strata that have been much disturbed. This 
coal is at the top of the Two Medicine formation. About 50 feet of 
the overlying Bearpaw shale is exposed here, but is cut off by a fault 
on the west. 

At locahty 38, near the center of sec. 8, T. 37 N., R. 13 W., coal 
which crops out on the west bank of St. Mary River has been opened 
by a group of small workings, locaUy known as the Paisley mine. 
These openings were badly caved and inaccessible at the time of the 
examination, but a prospect pit sunk about 5 feet on the outcrop of 
the bed gave the following section. The strike is N. 20° W. and the 
dip 60° SW. : 

Section at Paisley prospect, on 8t. Mary River, in eec, 8, T. S7 N,, R, IS W. 

Clay, gray. Ft. in. 

Coal, clesoL and somewhat lustrous, bedding planes only 

faintly shown, crushed to some extent, best coal in the bed . 10 

Coal, more dirty than upper bench, much crushed and dis- 
torted, no well-marked bedding or joint planes; crumbles 

to a powdered mass 3 10 

Clay shale, dark gray. 

To judge from the crushed condition of the lower bench of this bed, 
it is not improbable that it has been thickened by shearing, being- 
thrust upon itself. Such action on a larger scale has in many places 
dupUcated entire formations in the disturbed belt. If this is true, 
the coal is apt to be very pockety and irregular in thickness. In 
1906 M. R. Campbell obtained a sample of coal from this mine, the 
analysis of which is given as No. 3934 on page 138. The coal was not 
in place, and the sample consisted of lumps gathered from a mass that 
had fallen from the face. 

About a thousand feet northwest of the Paisley prospect, on the 
strike of the bed, a trench 30 feet long and several feet deep was dug 
in an attempt to locate the extension of the bed. No coal was uncov- 
ered by this trench, and it seems safe to say that it has been cut out 
by faulting. However, a mile farther northwest, in the NW. J sec. 8, 
the Horsethief sandstone, striking N. 20° W.j dipping 60° SW., and 
containing several oyster beds, crops out as a bold strike ridge on 
the line of strike of the coal at the prospect. This exposure, taken 
in connection with a similar ridge of the same formation 2 miles to 
the southeast, also on the same strike line, suggests that the coal at 
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locality 38 belongs at the base of the St. Mary River formatioa, 
lying immediately above this sandstone. 

At locality 39, in the NW. i sec. 30, T. 36 N., R. 12 W., coal crops 
out for several hmidred feet above a low ridge of Horsethief sandstone 
carrying several oyster beds. A trench across this outcrop exposed 
14 inches of coal, striking N. 20° W., and dipping 47° SW. About 
100 feet west of this outcrop the Horsethief sandstone stands on edge 
or is overturned, and the entire mass is much broken. 

At locality 40, near the center of sec. 16, T. 35 N., R. 12 W., there 
is a strong coal bloom along the west side of a low ridge of Horsethief 
sandstone, striking N. 20° W. and dippmg 60° SW. At the point 
where the coal is best exposed this strike ridge turns abruptly east- 
ward and disappears in a much disturbed and broken structure. It is 
probable that there is a small amount of imdisturbed coal here. 

At the point where the Browning-Babb stage road crosses Cut Bank 
Creek, about 4 miles northwest of Browning, at locality 41, coal from 
the base of the St. Mary River formation crops out on the west side 
of a ridge of Horsethief sandstone containing the usual oyster shells. 
There are two thin coal beds at this point, the section being as follows : 

Section of coal-hearing rocks on Cut Bank Creek at locality 4t, in the NW, \ nee. 15 , T. 3S 

N., R. 11 W, 

Clay, gray. Ft. in. 

Coal 1 

Clay, gray 25 

Coal, much weathered and apparently very dirty 1 4 

Clay, gray 10 

Sandstone, massive gray, Horsethief sandstone 60-f 

The lower coal bed of this section has been opened on the south 
bank of the creek, but the entry was so badly caved as to be inaccessi- 
ble at the time of the examination. The same bed is also exposed on 
the north side of the creek, the thickness being about the same as that 
on the south. Nothing is known of the extension of this coal either 
north or south of the creek beyond these outcrops, because to the 
south the bedrock formations are thickly covered by glacial drift, and 
to the north they are hidden by gravel which covers the plain lying 
between Greasewood and Cut Bank creeks. 

Farther south coal was found as foUows: (1) At locality 42, in sec. 
34, T. 33 N., R. 10 W., on the south side of the right of way of the 
Great Northern Railway, just within the boundary of the disturbed 
belt, 8 inches of coal in gray shale, dipping 10** NE. (2) On Two 
Medicme Creek, at locality 43, in the NW. \ sec. 20, T. 31 N., R. 10 
W., 6 inches of lustrous coal in the Two Medicine formation in an 
8-foot bed of fissile carbonaceous shale containing fossil shells, striking 
N. 15° W. and dipping 35° SW. (3) At locality 44, in the NW. i sec. 
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23, T. 31 N., R. 10 W., coal crops out for 300 feet on the north 
Two Medicme Creek, striking N. 17° W. and dipping 60° S^ 
trench dug across this outcrop gave the following section: 

Section of coal bed at locality 44, in the NW, \ sec. 25, T. SI N., R. 10W.,<m not 

Ttoo Medicine Creek. 

Shale, carbonaceous, grading into coal below. Ft. 

Coal, lustrous, but much crushed, having a foliated appearance 1 
Clay, gray. 

The coal in this section is very irregular both in thickness 
quality. A few hundred feet north of the point where the 
was measured the entire bed seemed to be little better than a 
shale. 
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OIL AND GAS NEAR BASIN, BIG HORN COUNTY, WYOMING. 



By Chables T. Lupton. 



INTBODUCTION. 

The discovery of a high-grade translucent oil and an opaque lubri- 
cating oil in what was originally believed to be only a mediocre gas 
field near Basin, Big Horn County, Wyo., has attracted the attention 
of engineers and oil operators, and since 1913 considerable drilling 
has been done in that part of the field where the attitude of the rocks 
is favorable for the accumulation of oil or gas and the land is not 




FiouBX n.— Index map of Wyoming showing position of the Basin oil field. 

included in the Government reserves. In addition to the oil wells 
larger gas wells than those previously known have been discovered, 
the yield of three of which is sufficient to supply Basin and GreybuU, 
towns of about 900 inhabitants each, situated on the Chicago, Bur- 
lington & Quincy Railroad about 3 miles west and 8 miles northwest 

of tlie field, respectively. 

167 
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The object of this report is to assemble all the data available on 
the field regarding the discovery of oil and gas and to present a map 
of the geologic structure from which it will be possible to determine 
the parts of the dome and anticlines that carry oil and gas and thus 
to separate the productive from the nonproductive areas. This field 
is only a small part of an extensive belt of similar territory along the 
foothills of the mountains bordering the Bighorn Basin, in which 
numerous domes and anticlines, more or less well adapted to the 
acciunulation of oil, may be found. A report soon to be published 
contains a description of such structural features in the southern 
part of the Bighorn Basin. 

The field herein described includes parts of Tps. 50, 51, and 52 N., 
Rs. 92 and 93 W. of the sixth principal meridian, and has an area of 
about 65 square miles. It is situated mainly east of Bighorn River 
and northeast, east, and southeast of the town of Basin. Plate 
XVn (p. 178) shows the general geology of the field and Plate XVTII 
(p. 188) the details of the'two principal structural features — the Torch- 
light dome and Lamb anticline — that are regarded as favorable for 
the accumulation of oil and gas. 

The residts herein given have been made more complete by the 
kindly cooperation of the Greybull Oil Co. and the Big Horn Oil & 
Gas Co. through their superintendent, Homer T. Lamb, of Greybull, 
Wyo. ; of W. L. Walker, of Basin, Wyo., geologist for the Valentine 
interests — an unincorporated company; and of A. M. Johnson, presi- 
dent of the Champion Oil Co. The hospitality and assistance of 
many of the residents of the region aided materially in the field work. 

PREVIOUS INVESTIGATIONS. 

Petroleum has been known in this general locality since 1884. In 
1888 Ricketts,* Territorial geologist of Wyoming, described an oil 
spring near Bonanza, on No Wood Creek, in sec. 26, T. 49 N., 
R. 91 W., and gave an analysis of the oil. Knight,* Eldridge,' 
and Fisher * mention this occiurence of oil, and Fisher gives a 
detailed analysis of it in his report, which covers the greater part 
of the Bighorn Basin. When the field work for Fisher's report was 
done, in 1904 and 1905, only one well had been drilled in this field. 
Regarding this well Fisher states: 

About 3 miles east of Badn, Wyo., a small well is being dug in the Pierre shale for 
the purpose of finding gas. The present depth of the well is about 100 feet, and an 
appreciable amount of gas has already been obtained. A small company has been 
organized and the work will be continued. 

» Ricketts, L. D., Report of the TtfritorUd geologist of Wyoming 1888, pp. 31M0. 

s Knight, W. C, Wyoming Exper. Sta. Bull. 14, p. 167, 1803. 

> Eldridge, O. H., A geologic reconnaissance in northwest Wyoming: U. S. Oeol. Survey Bull. 119, pp* 
04, 66, 1894. 

* Fisher, C. A., Geology and water reeouroes of the Bighorn Basin, Wyo.: U. S. Oeol. Survey Prof. Paper 
63, p. 50, 1906. 
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Washbume,^ while making an examination of the coal in the 
northeastern part of the Bighorn Basin in 1907, collected information 
of value regarding the principal folds in this region that may servo 
as reservoirs for oil and gas. Regarding the two anticlines described 
in the present report, Washbume says : 

The Torchlight anticline, or ** dome," as it is known to the proepectors, ia ahout 
3 milee east of Basin, W3ro. The dome is small, being about 1 mile long and one-half 
mile wide, and forms part of a much laiger anticline extending a mile or more to the 
northwest. The dips of the laiger anticline are so gentle that it seems doubtful 
whether its structure is sufficiently pronounced to faivor the accimiulation of gas. 
The sniall dome, however, must be considered a favorable structural feature. The 
crest of this little dome is in black shale, probably between sandstones A and B. If 
such is the case, the gas horizon would be found at a depth of 1,150 or 1,200 feet. This 
figure is uncertain because there is doubt as to the correlation of the sandstone sur- 
rounding the gas field, here designated sandstone B. It is thought to be the same as 
a sandstone occurring in many places 275 feet above sandstone A. 

The Torchlight Drilling & Mining Association (Ltd.), of Basin, Wyo., has two 
wells on this anticline. Both wells are 2 inches in diameter. Well No. 1 is 106 feet 
deep. It obtains gas from sandy shale between depths of 15 and 85 feet, with a very 
strong flow of gas from a thin sandstone at a depth of 60 feet. This sandstone carries 
water highly chaiged with bitter salts. The log of well No. 2 is given below. The 
principal gas horizon of this well is a 30-foot tiun-bedded sandstone encountered at 
a depth of 192 feet. The sandstone is saturated with gas and contains some oil. The 
pressure of l^e gas is between 35 and 55 pounds per square inch, so that ordinarily the 
water in the well, standing 65 feet from the surface, holds the gas qiiiet, but when 
^he water is pumped out to a depth of 110 feet there is a good flow of gas. Part of 
this gas is used to supply a 4-hor8epower engine and two stoves at the driller's camp. 
The soil on the Torchlight dome is in places impregnated with bituminous matter 
which has escaped from the imderlying rocks. An open pit, 8 feet deep, is said to 
give off a strong odor of ammonia, probably a product of oiganic decomposition. 

log of well No. 2, Torchlight Drilling A Mining Association^ 3 miles east of Basm, Wj/o. 

[No. 2 on Plate XVIII.] 
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A well is being drilled for gas by Henry Sherard, of the Union Gas d Oil Co., about 
3 miles northeast of Basin, Wyo., near the northwest comer of sec. 11, T. 51 N., 
R. 93 W. The structure at this locality is that of a very gentle anticlinal flexure on 
the flankB of a larger anticline that extends from the Peay Hill dome near Greybull 
to the Torchligbt dome, 3 miles east of Ba^in. The structure can not be thoroughly 
worked out because of the lack of exposures, but from the tracing of a thin sandstone 
along the hillside it would seem probable that the well is located on the side of a 
small minor anticline of domical form. The rocks at the well are not exposed, but 
from the depth of sandstone B in the well it is probable either that there is a fault 

> Wadilmme, C. W., Oas fields of ttie Bigbom Baain, Wyo.: U. 8. Oeol. Survey Bull. 340, pp. 34ft- 
383,1908. 
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between the hillside and th9 well or that the concealed rocka dip westward at an 
angle of over 10®. 

The possible dome on which this well ia located is so small and gentle ihat it must 
be regarded as a structiure of doubtful favorability for gas. 8uch a faint structure 
may indicate a more pronounced dome and a good gas reservoir below, or the structure 
may die out downward within a short distance and no gas reservoir be present. In 
the latter case the location of the well, which is on the limb of the laiger anticline, 
would be better for oil or water than for gas, should either exist in commercial qu&n- 
titids. The depth of the Greybull gad horisson at this well is between 1,450 and 
1,500 feet. 

Log of the Union Gas die Oil Co.^a well No. 1, 3 miles northeast of Basin , Wyo. 

[No. 29 on Plato XVin.] 
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This well (No. 29 on PL XVIII), according to report, was later 
drilled to a depth of 1,100 feet, but no oil or gas of economic impor- 
tance was obtained.^ 

FIELD WORK. 

The field work on which this report is based was done in October, 
1914. Some additional information regarding development, ob- 
tained during the field season of 1915, has been inserted in the 
proof. Wendell P. Woodring assisted in the mapping, and Henry 
C. Evans and Millard Massey contributed by assisting in rodding and 
doing camp work. 

A base line 8,200 feet in length, represented on Plates XVTI and 
XVIII by the line A-B, was measured along the track of the Chicago, 
Burlington & Quincy Railroad a short distance south of Basin, in sees. 
27, 28, and 34, T. 51 N., R. 93 W. The altitudes of the stations at 
the ends of this base line were determined from a United States 
Geological Survey bench mark situated near the public square in 
Basin. The ends of the base line were then occupied and flags and 
prominent topographic and cultural features were located by intor- 

1 Since this paper was sabmitted for publication Bulletin 10 of the Wyoming Geological Survey, entitled 
" The Basin and Greybull oil and gas nelds. Rig Horn County, Wyo.," prepared by F. F. Hintie, Jr., has 
been published. Several referenoee to his report, explaining diffennoea in terminology and straoture, arc 
made in footnotes in this paper. 
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section. The altitude of each located point was determined by means 
of vertical angles and distances between points. Where such careful 
triangulation work is done the results are more nearly correct than 
chained distances, especially if the chaining is done over broken 
country. The system of triangulation begun as above described was 
developed over the entire area mapped. Other United States Geo- 
logical Survey bench marks in sec. 26, T. 51 N., R. 93 W., and sec, 
6, T. 50 N., R. 92 W., were located in order to check the altitudes 
determined by the vertical-angle method. Particxdar attention was 
given to determining the locations and altitudes of the mouths of 
the wells in the Torchlight dome and Lamb anticline, except those 
drilled by the Union Oil & Gas Co. near the northwest comer of sec. 
11, T. 51 N., R. 93 W. (No. 29) and by the Valentine interests in the 
SE. J NE. J sec. 10 of the same township (No. 28), the locations and 
altitudes of which were furnished by F. F. Hintze, jr., of the Wyoming 
Geological Survey. Although the Peay Hill dome is shown on the 
map, it was not examined and its position is given merely to show 
its relation to the Torchlight dome and Lamb anticline. 

In addition to locating the mouths of wells and topographic and 
cultural features, such as hiUs and roads, the outcrops of certain 
lithologic units, such as the Torchlight sandstone member of the 
Frontier formation * (sandstone B of Washbume's classification ') 
and other sandstone beds situated stratigraphically above and below 
the Torchlight sandstone, were mapped in and about the Torchlight 
dome. A very dark shale about 350 feet stratigraphically above the 
top of the Torchlight sandstone was mapped about both the Torch- 
light dome and the Lamb anticline. (See PI. XVIII, p. 188.) The 
sandstone beds referred to are not exposed in the Lamb anticline, so 
the dark shale was used as a key to the stratigraphy. Altitudes on 
the outcrops of the several beds, as well as the dips of the strata, 
were determined in order that structure contours could be drawn. 
As noted on Plate XVIII and elsewhere in this report the structure 
contours are drawn on the top of the GreybuU sand, or the top sand- 
stone of the Qoverly formation. 

LAND SURVEYS. 

The earliest land surveys in this area were made along the east 
boundary of T. 50 N., R. 92 W., in 1882 by W. J. Boland. In the 
following year the remaining exterior lines and subdivisions of the 
same township were surveyed by E. La Peire. A few well-marked 
comers on the west range line were found, but no monument bearing 

1 Tbe names Torchlight sandstone and Peay sandiitone were proposed by Ilintze for the sandjrtones 
previously called by Washbnme sandstone R and sandstone A. As names are much preferred to letters 
for the designation of oil sands, Hintie's names will be used in Uiis paper. 

> Washbume, C. W., op. cit., pp. 350, 351. 



162 CONTBIBUTIONS TO ECONOMIC GEOLOGY, 1915, PAKT H. 

marks was found in the interior of the township. Two comer monu- 
ments, probably set by private individuals and intended for the 
southeast and northwest comers of sec. 16, were found, but they were 
not exactly in the proper positions as shown by the General Land 
Office plat. 

In 1903 Edward F. Stable resurveyed the exteriors of T. 52 N., 
R. 93 W., and in the following year he resubdivided the township. 
Mr. Stable also surveyed Tps. 50 and 51 N., R. 93 W., in 1903. 
A few well-marked comers, indicated on the accompanying maps, 
were foimd. That part of the eleventh auxiliary meridian which 
forms the western boimdary of T. 51 N., R. 92 W., was surveyed by- 
Mr. Stable in 1903. The remaining exterior lines andf the sub- 
divisions of this township were surveyed by Wilford W. Utterback 
in 1912. All the land surveys noted above, except that by Mr. Utter- 
back, who was in the direct employ of the General Land Office, were 
made under the contract system. The recent work by Mr. Utterback 
shows that the east-west dimension of the west tier of sections of 
T. 51 N., R. 92 W., 13 about one-fourth mile greater than the original 
survey of that township indicated. This condition suggests that the 
original survey of the interior of this township was never tied to the 
west range line. The interior comers and some on the southern 
township line are marked by iron posts with brass caps, on which are 
indicated the positions of the comers. All monuments found in 
other parts of the area are of stone. 

HISTORY OF DEVELOPMENT OP THE PIELiD. 

The first discovery of oil in the eastern part of the Bighorn Basin is 
believed to have been made in sec. 26, T. 49 N., R. 91 W., near Bo- 
nanza post office, on a tributary of No Wood Creek, by Edward Lloyd 
in 1884. Knight^ makes the following statement regarding the 
popularity of this spring: 

One very hard winter in the eighties the supply of kerosene oil gave out in the 
Bighorn Basin and the crude oil from the Bonanza spring was burned in the lamps 
by many settlers. It was a very good substitute and has always been highly praised 
by those who actually used it for illuminating purposes. 

A well was begun near the spring in 1888 and drilled to a depth of 
1,200 feet. Artesian water was encountered, but no oil or gas. In 
1902 a well was drilled in sec. 27, T. 49 N., R. 91 W. As this weU was 
plugged it was believed by the settlers that oil was encoimtered, but 
no definite information could be obtained regarding the results. 

The existence of the Bonanza oil spring has been an incentive to 
oil and gas prospectors to make further search for favorable places to 
drill in this part of the Bighorn Basin, and as a result the first wells 

1 Knight, W. C, and Slossoa, £. E., Bonanxa, Cottonwood, and Douglas oil fields: Univ. Wyoming 
Bull., Petroleum series, No. 6, p. 7, 1908. 
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were drilled in the Torchlight dome in 1904. In 1907 a well (No. 29, 
PL XVIII) was drilled in the NW. i NW. J sec. 11, T. 51 N., R. 93 W., 
to a depth of about 1,100 feet, but without encountering oil or gas in 
commercial quantities. The results obtained at this well gave little 
encouragement, and no further drilling was done in the Basin field 
tUl 1912, when well No. 26, yielding water only, in the SW. J SW. J 
sec. 35, T. 51 N., R. 92 W., was drilled to a depth of 1,800 feet. In 
1913, 1914, and 1915 there was a revival of drilling operations in the 
Torchlight dome and Lamb anticline, and up to October 10, 1915, 48 
wells were drilled, the greater nimiber of which yielded oil or gas in 
commercial quantities. The outlines of the "pools'' imderlying the 
Torchlight dome and Lamb anticline have been determined in part, 
but further driUing will be necessary to locate them completely. All 
the wells drilled in 1915 are within proved territory except one, the 
Cleveland-Wyomingwell, which is about 1 J miles west of the Torch- 
light dome. The table undor the heading '* Wells driUed" (p. 187) 
summarizes the general information regarding the development of 
the field. 

SURFACE FEATURES. 

The Bighorn Basin, of which the area described in this report forms 
a part, is a broad depression lying between the Bighorn Mountains 
on the northeast and east, the Owl Creek and Bridger mountains (the 
latter being that part of the Owl Creek Mountains east of Bighorn 
River) on the south, and the Absaroka Mountains on the southwest. 
The Basin oil field lies in the eastern part of this great depression 
and has a hilly surface. In elevation it ranges from about 3,800 feet 
above sea level at the river near Greybull, to about 4,600 feet on the 
northeast rim of the Lamb anticline, in the NE. } NE. } sec. 1, T. 51 
N., R. 93 W. Its principal surface features are the broad valley of 
Bighorn River in the western part and a rough hilly country lying to 
the east, which includes the Torchlight dome, the Lamb anticline, and 
the northwest end of a southeastward-trending anticline of doubtful 
importance as a reservoir of oil or gas. The immediate valley of Big- 
horn River is marked by a flood plain, in places 2 or 3 miles wide. 
A number of remnants of gravel-capped terraces are conspicuous, 
especially on the west side of the river. They are present at but few 
places on the east side of the stream, for they have been removed by 
erosion as the river has gradually changed its course toward the east. 
No Wood Creek, which joins Bighorn River in sec. 30, T. 50 N., 
R. 92 W., has gradually changed its course to the south, as is shown 
by the prominent terrace remnants a mile or more in width lying just 
north of the present flood plain of that stream. 

The hilly portion of the field consists of two parts which have very 
different topography. The part lying south of the Basin-Hyattville 
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road contains numerous hogback ridges trending northwest, with 
badland valleys intervening; the part lying north of the road contains 
smooth, gently rolling hills, with badland topography in places adja- 
cent to stream courses where erosion has been most active. Just 
east of the river flood plain a prominent escarpment of shale forms 
the river bluffs, the edge of which is of badland character in many 
places, and extends through sees. 2, 11, 14, 23, and 26, T. 51 N., 
R. 93 W. In sees. 24 and 25 of the same township and s^c. 19, 
T. 51 N., R. 92 W., which include the Torchlight dome, cliffs of sand- 
stone 20 to 40 feet in height are conspicuous and in many places form 
nearly impassable barriers. 

The surface of the central part of the Torchlight dome and that 
of the axis of the Lamb anticline contain irregular basin-like depres- 
sions. The central depression in the Torchlight dome is surrounded 
by two concentric inward-facing walls of sandstone, the outer of 
which is composed of the Torchlight sandstone, described in this 
report imder "Stratigraphy," and the inner is a bed of sandstone 
about 100 feet lower. The depression along the axis of the Lamb 
anticline contains no exposures of the sandstone beds that are so 
prominent around the Torchhght basin. These topographic basins, 
being near each other, are both surroxmded by an irr^ular inward* 
facing wall of shale, the approximate position of which is shown 
in Plates XVII and XVIII by the line marked "Band of dark shale." 
Plate XVII shows the relation of the surface features of the Torch- 
light dome to the geologic formations that crop out in it. The 
shale walls surrounding the depression representing the Lamb 
anticline are even more prominent than those that form the rim 
of the Torchlight basin, but no sandstones occur in that part of the 
section exposed. 

In these areas the lowest part of the surface coincides with the 
highest part of the dome and the crest of the anticline. This is due 
to the erosion of the two uplifts by streams, which follow their trend 
in a general way. These valleys have made it possible to construct 
good roads with low gradients into both areas at a reasonable expense. 
The principal minor valleys contain well-traveled roads over which 
drilling machinery and supphes can be transported with ease. 

CMMATE AND WATER SUPPLY. 

The climate of the Bighorn Basin is semiarid. Records of tem- 
perature have been kept at HyattvUle, 25 miles southeast of Basin, 
for 11 years or more. During this time the lowest temperature 
recorded was 32° below zero in January, the maximum 105** above 
zero in August, and the mean or average 46.3° above zero for the 
entire year. The temperature variations at Basin have about the 
same range. 
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The question of water supply in this locality is one of importance 
to the oil driller. At no other place in the Bighorn Basin or in the 
entire State of Wyoming where records of precipitation have been 
kept for a number of years is the average annual rainf aU so low as 
at Basin. Records kept from 1898 to 1909; inclusive, a period of 12 
years, show that the mean annual rainfall is 5.8 inches, which is 
less than half that recorded at Thermopolis, Dubois, and Lander, 
and less than one-third of that at Newcastle and Gillette. 

The main surface water supply in this area is that furnished by 
Bighorn River and No Wood Creek, its largest eastern tributary. 
Each of these streams carries throughout the year an almost inex- 
haustible supply of excellent water for domestic use. Many of the 
ranchers and some of the oil companies haul water several miles 
from the river to their ranches and drilling outfits. All the towns 
and villages along Bighorn River in northwestern Wyoming derive 
their water supply from this stream or the lower courses of its prin- 
cipal tributaries. 

In the early drilling in the Torchlight dome and Lamb anticline 
water was pumped from Bighorn River in the vicinity of Basin. 
The Valentine interests, the Champion Oil Co., and the Cleveland- 
Wyoming Oil Co., which drilled a few weUs in the Torchlight dome, 
hauled water from the river not only for domestic tise but also for 
use in drilling. 

The undei^ound water supply in an oil or gas r^on is also of 
great importance, and anyone contemplating driUing in a semi- 
arid region like the Bighorn Basin should carefully consider the 
probabihty of obtaining water for domestic use or drilling in the 
rocks he expects to penetrate. In this field two sands — the Peay 
and Greybull — yield water in most of the wells drilled, and three 
others — the Torchlight, Kimball, and Muddy — carry water in some 
of the wells, as shown by the following table: 

Percentage of wells obtainxTig water in sands in the Basin oilfield. 
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Some of the records are incomplete on this point, so that the 
percentage of wells encountering water in the Peay sand may be 
even greater than is indicated above. The best water obtained 
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from all the wells is that from the Peay sand in the Coluxnbia No. 
well (No. 18 on PL XVIII), in the SE. J NE. } sec. 12, T. 51 N 
R. 93 W. From this well water for domestic use is pmnpod to tl 
main camp of the Greybull Oil Co., in the SE. J NW. J sec. 24 of tl 
same township. The fact that the Peay and Greybull sands yiot 
water in most of the weUs should be of considerable value to thoa 
prospecting for oil and gas. 

STRATIGRAPHY. 

PT7BLISHED CLASSIFICATIONS. 

The stratigraphy of the Cretaceous and Tertiary rocks on the east 
side of the Bighorn Basin have been discussed in a general v^ay by 
Eldridge, Fisher, and Washbume. Eldridge ^ recognized the Da- 
kota, Colorado, Montana, Laramie, and Wasatch formations; Fisher ^ 
divided the Cretaceous system into Morrison, Cloverly, Colorad(', 
Pierre, and Laramie and associated formations and described tiio 
Tertiary system as represented by the Wasatch and possibly othe" 
Eocene formations; Washbume' considered the Cloverly formation 
to represent the Lower Cretaceous (?), and the Upper Cretaceous to 
include the Colorado shale, Eagle sandstone, Qaggett formation, 
Judith River formation, Bearpaw shale, and Laramie ( ?) formation. 
The Tertiary system he regarded as represented by the Fort Union 
and Wasatch formations. Hewett,^ while making an examination of 
a part of the west side of the basin, measured in detail a thick section 
(14,500+ feet) on Shoshone River. These rocks, except the lower 
1,110 feet, which is included in the Sundance (Jurassic) and the 
Morrison (Jurassic or Cretaceous), comprise the Cretaceous and Ter- 
tiary systems. Hewett divides the Cretaceous into ''Cloverly," 
Colorado, Gebo, Meeteetse, and (possibly) Ilo formations, and the 
Tertiary into the Fort Union and Wasatch formations.*^ 

The accompanying table shows the subdivisions of the Cretaceous 
and Tertiary systems in the vicinity of Basin, Wyo., as recognized in 
this report, correlated with the subdivisions adopted by Fisher, Wash- 
bume, and Hewett. 

t Eldridge, O. H., op. cit., pp. 23-37. 
I Fisher, C. A., op. cit., p. 8. 

t WaBhtnime, C. W., Coal fields of the northeast side of the Bighorn Basin, Wyo., and of Bridger, Mont.: 
U. S. Oeol. Survey Bull. 341, p. 167, 1909. 

* Hewett, D. F., The Shoshone River section, Wyoming: U. S. Oeol. Survey Bull. 541, pp. 91, 95-107, 
1912. 

* In a recent report (The Basin and Greybull oil and gas fields. Big Horn County, Wyo.: Wyoming Gwl 
Survey Bull. 10, p. 17, 1915) F. F. Hintxe, jr., recognizes the Cloverly, Lower Benton, Upper Benton. 
Niobrara, Pierre, Eagle, undifferentiated Montana, and Ilo formations. 
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C&BTACBOU8 SYSTEM. 
GENERAL SECTION. 

The positions of the oil, gas, and water bearing sands in the Cre- 
taceous strata below the Mesaverde formation are shown in the section 
given below: 

Generalized section of strata from the hose of the Mesaverde formation to and including the 

base of the Cloverly formation in the Basin oilfield. 

Mesaverde formation. 

Ckxly shale: Feet. 

Shale, gray, drab, and dark, aandy at top and base 3, 360i: 

Frontier formation: 

Conglomerate 7 

Sandstone, Torchlight member, part poorly consoli- 
dated; carries a little oU, gas, and water 83 

Shale, drab 100 

Sandstone, shaly; contains a hard layer 12 feet thick 
that carries a little oil and gas 87 

Shale* 105± 

Sandstone, Feay member; oil and gas bearing 45 

Shale, sandy, dark; contains bed of bentonite at base. 138 

665± 

Mowry shale: 

Shale, hard, platy 40 

Sandstone, Kimball sand of drillers; oil, water, and 

gas bearing 50 

Shale 45 

Sandstone, Octh Louie sand of drillers; yields a little 

oil 25± 

160± 

Thermopolis shale: 

Shale, hard; contains lenses of sandstone 230 

Shale, soft, dark 170± 

Sandstone, Muddy sand of drillers; contains a little 

gas 36± 

Shale , soft , dark 275 ± 

710± 

Cloverly formation:' 

Ldght-buff or tan-colored sandstone [GreybuU sand of 

driUers] 20 

Maroon clay 4 

Reddish and tan-colored sandy clay 10 

Drab sandy clay 10 

Deep-maroon sandy clay 20 

Hard tan-colored sandstone 3 

Deep-maroon to purple variegated clay 12 

Lenses of maroon sandstone 3 

Deep-maroon sandy clay 20 

Olive-green soft cross-bedded sandstone, with hard lay- 
ers lying on maroon and drab-gray Morrison shale. . 11 

113 

4,908± 

' ThJckness of strata below the lower part of this shale to the top of the Cloverly was determined by 
*T^eragiDg a namber of well logs. 
' The section of the Cloverly is taken from U. 8. Oeol. Survey Prof. Paper 61, p. 52, 1906. 
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CLOYEBLT FOBMATION. 

The Cloverly formation is not exposed at any place in this area. 
It has been penetrated in some of the oil and gas wells, however, and 
therefore will be briefly considered. At the type locality of the 
Cloverly formation, near Cloverly, Wyo., about 15 miles northeast of 
the northern part of this area, the formation, according to N. H. 
Darton, consists of 113 feet of strata, a detailed section of which is 
given above. The upper 20 feet of this formation constitutes the 
GreybuU sand, which carries oil and gas in the Greybull field and water 
in the Lamb anticline and Torchhght dome. According to Darton — 

The Cloverly formation is believed to represent the Lakota sandstone, Fuson forma- 
tion, and Dakota sandstone of the Black Hills region. * « * On the basis of the 
above correlation it rejiresents the later deposits of the Lower Cretaceous and the earli- 
est deposits of the Upper Cretaceous. 

It is not certain, however, that the Dakota sandstone is repre- 
sented in the Cloverly formation at its type locahty. The only 
determinable fossils from the Cloverly are a few plants belonging to 
the Kootenai flora as determined by Knowlton. They were collected 
on No Wood Creek, 30 miles above its mouth. 

Near the southern edge of the Bighorn Basin the lower part of the 
Cloverly formation is a particularly gritty sandstone, and in places 
it is finely conglomeratic. 

THEBMOPOLIS SHALE. 

The name Thormopolis shale* is here appUed to a mass of generally 
shaly rocks, limited below by the top of the upper sandstone bed of 
the Cloverly (Greybull sand) and above, also conformably, by the 
base of the Mowry shale. It is named from the town of Thermopolis 
in Hot Springs County, near which it is well exposed. It is not 
exposed in the vicinity of Basin, but sections obtained in drill holes 
indicate that it is a predominantly dark shale about 700 feet thick 
and that it contains one or more lenticular beds of sandstone. The 
Muddy sand, which is weD known to oil operators and in places con- 
tains a httle gas and water, is the most persistent sandstone bed. It 
ranges from 15 to 55 feet in thickness and hes from 210 to 330 feet 
above the top of the Greybull sand, or the top of the Cloverly forma- 
tion. In some of the wells a sandstone bed about 30 feet thick is 
present about 60 feet above the base of the Thermopolis shale but 
is of no economic importance. The gcnerahzed section given on 
page 167 shows the position of the Muddy sand in this shale. 

1 This formation corresponds to that part of tho Lower Benton of Ilintze's section lying below the 
Mowry shale. 
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MOWBY SHALE. 

The Mowry shale, named for Mowry Basin, on the east side of the 
Bighorn Mountains, has been recognized over a broad area from the 
west side of the Bighorn Basin to the Black Hills and from northern 
Montana to the Uinta Basin, Utah. Wherever it has been recog- 
nized it is characterized by great numbers of fish scales and a 
remarkable absence of fish bones and vertebras. It. varies in thick- 
ness from place to place^ being about 160 feet thick in the Basin oil 
field. Heretofore the Mowry has been considered as a shale member 
of the Benton or Colorado, but on accoimt of its wide distribution 
and distinctive character, it is here treated as an independent 
formation. 

The Mowry, like the Thermopolis shale, is not exposed in the 
Torchlight dome or the Lamb anticline. Records of wells drilled 
in and near the Torchlight dome and in the vicinity of Greybull 
indicate that the beds included in this formation are similar in 
character to the typical Mowry and that they have a thickness of 
about 160 feet as shown in the general section. 

Two sandstones in this shale — the Kimball and Octh Louie sands 
of the drillers — carry oil and gas. As indicated in the generalized 
section, the EimbaU sand is about 40 feet below the top of the 
shale and the Octh Louie about 45 feet below the base of the Eim- 
baU. The Kimball is the principal oil-bearing sand in the Torch- 
light dome, and in places it also contains gas and water. In the 
Lamb anticline, however, it is generally dry, yielding oil in only one 
well. The Octh Louie sand is known to contain oil in many of the 
wells in this field. In fact, according to Homer T. Lamb, oil occurs 
throughout the Mowry shale in the TorchUght dome. 

FRONTIER FORMATION. 

The Frontier formation consists of about 565 feet of sandstone 
and shale with beds of bentonite (a hydrous silicate of alumina) 
ranging from a few inches to 3 or 4 feet in thickness. The upper 
325 feet of the formation is exposed in the Torchlight dome, and 
the character of the lower part, about 240 feet thick, is known from 
well logs. As Djay be noted in the subjoined section, the foranation 
ia predominantly sandstone. The 12-foot yellowish-gray sandstone 
ted, which is about 90 feet above the base of the lowest beds ex- 
posed in the Torchlight dome, contains in places pieces of fossiUzed 
wood. The characteristics and relations of the beds ef this forma- 
tion are given in the following seotion: 

»8867<»— Bull. 621—16 12 
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Section of Frontier formaiion. 



[The apper part vasmMnred Id the Torchlight dome, and the lower pert ^cenaallaed) detevmined fron 
wellieoords hi the yidnlty. Measarementa made hi sec 34, T. U N., B. 98 W and aee. 19» T. 51 N^ 

Cody shale. 
Frontier fonDation. 

Conglomerate, consuting principally of dark chert pebbles f^st. 

ranging in size from sand grains up to 4 inches in diameter. 7 
Sandstone, Torchlight; contains some oil, gas, and water : 

Sandstone, very poorly consolidated. .^ 11 

Sandstone, massive, gray, somewhat cross-bedded 32 

Sandstone, gray, yellow, and drab, very pooriy consoli- ^ 

dated •lO 

Shale, diab, very sandy at base; contains a few layers of 

brown iron-stained concretions in the lower part 100 

Sandstone; gray; weathers yellow; interbedded with shale. 9 

Shale, drab, yellow, and pink, sandy at top 10 

Sandstone, gray, soft, massive. 4 

Sandstone, yellowish gtay; contains two or three layers of 
dark brownish-yellow concretions; vertical veinlets of 
caldte as much as 6 inches thick bearing north cut the 

bed; carries a little oU and gas 12 

Sandstone, argillaceous, medium bedded, alternating with 

softer beds of sandstone 15 

Sandstone and sandy shale, interbedded, gray and drab; 

contains a few disklike and spherical concretions 35 

Sandstone, yellowish gray, very thin bedded ; ledge maker. . 2 
Shale, dark drab, sandy; contains a few thin beds of sand- 
stone (to bottom of arroyo in Torchlight dome) 48 

(Section below generalized from well logs in the region.) 

Shale, dark blue, hard 30i 

Shale, white, hard 2b± 

Sandstone, Peay, white, poorly consolidated; bears oil, gas, 

and water 45i: 

Shale, blue and gray, hard 20i: 

Sandstone, poorly consolidated 20± 

Shale, blue ISi 

Shale, very sandy 25i: 

Shale, dark, sandy 55db 

Mowry shale. ~~ — 

563± 

The name Frontier was first applied by Elnight ^ to a well-defined 
coal-bearing formation of Benton age in Lincoln and Uinta counties, 
Wyo. As described by Veatch,' it has at the tjpe locality a thick- 
ness of 2,200 to 2,600 feet. In the mapping of several coal and oil 

> Knl^t, W. C, Eng. and Min. Joor., vol. 73, pp. 720-723, 1902; 0«ol. Boe. America Bull., toI. 13, PP> 
642-^44,1908. 

s Vcatch, A. C, Oeography and geology of a portion of southwestern Wyoming, with special relBreoOi 
to coal and oil: U. 8. Oeol. Survey Prof. Pi^r 56, p. 65, 1907. 
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fields in the State it has been found that there is generally a group 
of sandstone and shale beds in the middle of the Colorado, which is 
the representative of the Frontier formation of Lincoln County. 
The individual beds, as well as the group of beds, thin eastward 
and disappear at about the meridian of Douglas. These beds of 
sandstone, which contain the most prolific oil-bearing sands of the 
State, have previously been treated as individual members of the 
(Colorado shale, but now it is proposed to consider them collectively 
as the Frontier formation and to name individual beds as members 
of this formation. 

In the vicinity of the Torchlight dome the Frontier formation 
includes three sandstones that bear oil, gas, and water. Only one 
of these, the Peay sand, carries oil in commercial quantities. The 
value of the Peay and Torchlight sandstones and a sandstone strati- 
graphically between them as reservoirs for oil and gas is fully dis- 
cussed imder "Occurrence" (pp. 178-181). The Peay and Torchlight 
sandstones were first named and described by Washbume^ as 
sandstones A and B, respectively, in 1908, and his designations 
have since that time been adopted by drillers in this region, but 
it is hoped that these names will be replaced by the terms Peay and 
Torchlight as proposed by Hintze. 

CODY SHALE. ^ 

The strata lying above the top of the Frontier formation and 
below the base of the Mesaverde formation consist in the vicinity 
of Basin of about 3,360 feet of shale with a single sandstone bed 
near the base and several thin beds of sandstone carrying fossils 
near the top. This shale is believed to contain not only the upper 
part of the Colorado group, but at least 1,000 feet of the Montana 
group, as is indicated by the fossils listed below. Cody, a town 
in the western part of Bighorn Basin, from which this shale takes 
its name, is situated on the outcrop of these beds near Shoshone 
River, where they are well exposed and where Hewett ' determined 
the thickness of the formation to be 2,150 feet. This shale, a 
detailed section of which follows, crops out directly south of the 
Torchlight dome. The thickness of the predominantly shaly part 
was calculated from dip readings and the width of the belt of outcrop, 
whereas the lower 200 feet and the upper 870 feet were measured 
with the hand level. 

1 Washborzifl, C. W., Oas fields of the Bighorn Basin, Wyo.: U. 8. Oeol. Surrey Btdl. 340, p. 350, 1908, 
1 This formation includes the Basin (Niobrara) shale and Pierre shale of Hintse's classiflcatlon. 
* Hewett, D. F., op. cit., pp. 91, 98, 99. 
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Section of Cody shale in the souiheastem part of T. 51 N., R. $3 W. 

Mesaverde fonnation. 

Cody shale: F»t. 

Shale, sandy, yellowifih gray, soft 200 

Sandstone, yellowish gray, medium bedded, interbedded 

with very sandy shale 60 

Shale, grayish yellow, very sandy U 

Sandstone, gray, thin bedded, ripple marked 1 

Shale, dark drab, sandy. (Fossil collection 8918 from the 

base of this shale) 63 

Shale, dark drab; contains concretions of yellowish impure 

sandy limestone 4 to 7 feet in diameter 20 

Shale, dark drab, with a few concretions (4 to 5 feet in diam- 
eter) of brown sandstone and yellowidi impure limestone 
in lower part. (Fossil collection 8917 from the base of this 

shale) i 325 

Shale, yellowish gray, in lower part very sandy 1 108 

Shale, yellowish gray, thin bedded, soft; fragments slightly 

warped 8 

Shale, yellowish gray, very sandy 20 

Sandstone, gray, soft, thiba bedded; fragments have curved 

surfaces when weathered 2 

Shale, sandy, yellowish gray; contains lentictdar beds 4 to 12 

inches thick, of yellowish gray and brown sandstone 30 

Sandstone, grayish brown, thin bedded ; fragments warped ... 1 

Shale, dark gray and drab, sandy 23 

Sandstone, brown, thin bedded, lenticular 1 

Shale, bluish drab, with a few thin beds of fossiliferous sand- 
stone and concretions about 200 feet below top. (Fossil 
collections 8921 and 8922 from this sandstone. Fossil col- 
lection 8920 from a stratum of shale about 350 feet above 

the base) 2,285 

Sandstibne, yellowish gray (highest sandstone encircling 

Torchlight dome) 2 

Shale, grayish drab, sandy 110 

Poorly exposed, probably soft sandstone and shale, yellowish 

gray 90=t 

Frontier formation. 

3, 360d= 

Collections of fossils, No. 8922, from the NE. J SW. J sec. 5, T. 50 
N., R. 92 W.; No. 8921, from the NW. J NE, J sec, 1, T. 50 N., R. 
93 W.; No. 8917, from the SE. J NW. J sec. 35; and No. 8918, from the 
NE. i SW. i sec. 35, T. 51 N., R. 93 W., from beds near the top of 
the Cody shale, indicate that the upper 1,000 feet or more of this 
shale is of Montana age. Lot 8922 was collected from a bed more 
than 1,000 feet below the base of the Mesaverde and contains the 
following species, which belong to the Montana fauna: Inoceramus 
sp. fri^ment, Lucina sp., NautUits deJcayi Morton, Baculites ovaiua ^^Ji 
and Scaphites sp. related to 8. Mppocrepis Dekay. Lot 8921, from 
a bed at the same horizon, contains only one species, Baculites ovatus 
Say t, regarding which T. W. Stanton states: ''This species seems to 
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belong to the Montana fauna/' Lots 8918 and 8917, from beds at 
SL horizon a short distance below the base of the Mesaverde formation, 
contain but few species and according to Stanton may belong to either 
the Montana or Colorado fauna. 

Fossil collection 8920, from a stratum about 350 feet above the 
base of the C!ody shale, in the SW. J sec. 7, T. 51 N., R. 92 W., 
is definitely from the Colorado fauna and is characteristic of the 
Niobrara formation, which is believed to be represented in the 
lower part of the beds included in the Cody shale. The species 
included in this collection are Ostrea congesta Conrad, Inoceramus 
sp., thick sheUed, and Scaphites ? sp. 

MESAVERDE FORMATION. 

The Mesaverde formation, which overUea the Cody shale in apparent 
conformity, is about 1,200 feet thick and consists principally of 
sandstone with a minor amount of shale and a httle coal. Not enough 
field work was done in the \icinity of Basin to enable the writer 
to determine .the upper limit of the formation with certainty. 
Washbume, ^ who extended his work into this region from the 
north, correlated the sandstone romiediately overlying the Cody 
shale with the Eagle sandstone, which occupies a similar position 
with r^ard to the thick mass of shale along Yellowstone River in the 
vicinity of BilUngs, Mont., but it is evident that the Eagle sand- 
stone dies out toward the south and that the sandstone overlying 
the shale in the vicinity of Basin is not the same as the Eagle, for 
fossils of Montana age have been found in the Basin field more 
than 1,000 feet below the sandstone called Eagle. In the type 
locaUty in northern Montana the Eagle sandstone is the lowermost 
formation of the Montana group, hence it can not be the same as a 
sandstone having 1,000 feet of shale of Montana age below it. 
Washbume's determination of this sandstone as Eagle is therefore 
in error. 

Hewett, • working in the vicinity of Cody on the west side of 
the Bighorn Basin, recognized two prevailingly sandy formations 
in the general stratigraphic position of the Mesaverde and named 
them Gebo (lower) and Meeteetse (upper). The thickness of these 
formations at Cody is greater than that of the beds beheved to be 
Mesaverde in the Basin field. 

A few fossils were found in this sandstone in the Basin field. 
Collection 8919, obtlained 65 feet above the base of the sandstone, 
contains Anomia sp., Cardium speciosum M. and H., TeUina sp., 

> Washburne, C. W., Coal fields o f the northeast side of the Bighorn Basin, Wyo., and o f Bridger, Mont.: 
U. S. OeoL Survey Ball. Sll, pp. 167-169, 1909. F. F. Hintse, jr., of the Wyoming Qeological Surrey, has 
evidently combined the classification of Fisher and Washbume, placing the Eagle sandstone above the 
Pierre shale. This is an Impossible relation, for the true Eagle constitutes the base of the Montana group. 

s Hewstt, D. F.| op. oit., pp. 91, etc. 
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Liopisiha undata M. and H., and Mactra farmosa M. and H. T. W. 
Stanton states that these species are of Montana age, occuning 
in the Eagle and Claggett and some of them in still higher forma- 
tions. This evidence might be used in support of Washbume's 
classification, but it is completely offset by the finding of good Mon- 
tana fossils in the shale underlying the sandstone. 

In the Basin field the Mesaverde formation is not known to contain 
:il or gas, and for this reason only a general description of it is given. 

TEBTIABY SYSTEM. 
UNDIFFERENTIATED LANCE AND FORT UNION FORMATIONS. 

The Mesaverde formation is overlain by a mass of rocks several 
himdred feet thick that are believed to represent the Lance and Fort 
Union formations. During the field work no fossils were found in 
these rocks, and little evidence is at hand regarding the position of 
the formation boimdaries and the thickness of each formation. At 
least 1,275 feet of beds were measured, and all are considered to be 
included in the Lance and the lower part of the Fort Union. Tlie 
Lance foimation is classified by the United States Geological Survey 
as Tertiary ( ?) ; the Fort Union formation is of Eocene age. 

QtXATBBNABY SYSTEM. 
TERRACE GRAVEL. 

Gravel-capped terraces of Quaternary age are conspicuous surface 
features on the west side of Bighorn River, in the valley of Greybull 
River, and on the south side of No Wood Creek near its mouth. At 
the last-named locality terrace rexnnants at three different levels are 
present and slope not only toward Bighorn River but also toward 
No Wood Creek. Along the west side of Bighorn River and along 
the lower course of Greybull River, in the area represented by Plate 
XVII (p. 178), terrace remnants of the same age are present. The 
gravel consists principally of fairly well rounded pebbles of chert, 
jasper, chalcedony, limestone, and hard sandstone. The fact that 
the terraces are limited almost entirely to the west side of Bighorn 
River is due to the gradual eastward migration of this stream, gentle 
terraced slopes being thus formed on the west side of the river and in 
general abrupt cliffs on the east side, where undercutting of the 
banks and cliffs is much more common. These gravel deposits, the 
lowest of which is about 40 feet above the streams; serve as protectors 
of the comparatively soft imderlying sandstone and shale from the 
agents of erosion. 

ALLUVIUM. 

Alluvium of excellent fertility is present in belts of varying width 
along all perennial streams in this region. Along Bighorn River 
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sJluvium constitutes the present flood plain, which varies from one- 
third of a mile to ahout 2 miles in width, the widest part being in the 
northern part of T. 51 N., B. 93 W. The maximum thickness of the 
alluvium is unknown but probably reaches 50 feet in the vicinity of 
Basin. 

STRUCTURE. 
OBNERAL FEATTTBES. 

Structurally the Bighorn Basin is a great downf oU with its longer 
axis trending northwest. It is limited in general on the east, south, 
and west by the enormous upfolds of the Bighorn, Owl Creek, and 
Absaroka mountains, respectively. The flanks of the syncline or 
edges of the basin are corrugated by small fold^ trending very regu- 
larly northwest. Some of these minor anticlines contain oil and gas 
in commercial quantities. 

The structural features of greatest importance to the oil operator 
* in the field here described are the Torchlight dome and the Lamb anti- 
cline. Both of these are on the same upf old on which the Peay Hill 
anticline is situated. The Peay Hill anticline is also of importance 
near the mouth of Greybull River as a reservoir of oil and gas, but a 
complete description of it will be reserved imtil further field work is 
done. At the south side of the area shown on Plate XVII there is an 
anticline which extends several miles southeast of No Wood Creek. 
In the southeastern part of this area, crossing sec. 35, T. 51 N., R. 
92 W., there is a small northwestward-trending anticline regarding 
which the writer has Uttle definite information. The rocks west of 
Bighorn River have a general westward dip toward the xniddle of the 
basin, ranging from 21^ on the lowest beds exposed near Basin to 
about 50^ on some of the higher beds a short distance west of the 
town. 

The structure contours shown on Plate XVHI (p. 188) are drawn 
on the upper surface of the Greybull sand (top of the Ooverly forma- 
tion); They are lines connecting points of equal altitude on this 
surface, and thus they show the deformation that the sand as well as 
all the other rocks have suffered in the wrinkling that has taken 
place in the bottom and on the rim of the great synclinal fold. 

The value of structure contours lies in the fact that they show 
clearly the shape of the deformed rocks and, as oil and gas tend to 
collect in the anticlines, they show the areas most favorable for the 
location of wells. By their use the prospector may also determine 
roughly the distance which the drill must go in order to reach any 
particular sand at any particular place. As the contours are drawn 
on the upper surface of the Greybull sand, it is easy to find the depth 
of that sand below the surface by subtracting the altitude of the sand 
at any point, as shown by the structure contours, from the surface 
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altitude. For example, the depth of the GreybuU sand at well No. 
12; on the eastern edge of the Torchlight dome, in the west-«entral 
part of sec. 19, T. 51 N., R. 92 W., may be found by subtracting 
2,850 feet (the well is situated halfway between the 2,800-foot and 
2,900-foot contours), the altitude of the sand, from 4,203' feet, the 
altitude of the well mouth. The remainder, 1,353 feet, is the approx- 
imate thickness of strata between the surface and the top of the 
GreybuU sand, -or, in other words, the depth to the sand. In this 
manner the depth to the GreybuU sand at any point in the field may 
be determined. 

To determine the depths of any other sand it is generaUy more con- 
venient first to calculate the depth of the GreybuU and then to sub- 
tract from the result the distance from the top of the GreybuU to the 
top of the other sand. Thus having found the depth of the GreybuU 
in weU No. 12 as 1,353 feet, the depth of the KimbaU sand would 
be 1,353 — 830, or 523 feet, and that of the Muddy sand would be ^ 
1,353 — 275, or 1,078 feet. The operation outUned is based on the 
assumption that the sands are parallel to one another. So far as cai\ 
be judged from the data at hand this seems a reasonable assumption, 
but it may be foimd that the sands are not paraUel and so the depth 
of a sand calculated by this method may not be correct. If it is found 
on further driUing that such calculations are not accurate, the varia- 
tions should be noted to see if they are aU in the same direction — 
that is, aU too great or too small — and then allowance should be made 
in fuUure work for the increased or lessened mterval* 

TOBCHLIOHT DOME. 

The Torchlight dome is an elongated dome with its axis trending 
northwest and is situated mainly in sees. 24 and 25, T. 51 N., R. 93 W., 
and sees. 19 and 30, T. 51 N., R. 92 W. At the north it is closely re- 
lated structurally to the Lamb anticline, the axis of which at its nearest 
point is within \\ miles of the axis of the Torchlight dome. The 
length of the TorchUght dome is about 3 nules and the width about 2 
miles. The maximiun diameter of the outcrop of the Torchlight sand- 
stone in this structiire is about 1 nule. The strata dip more steeply on 
the southwest side of the dome than on the northeast side, as is shown 

1 Many readers will doubtless compare the stnictnre contours shown on Plate XVIII with those given in 
Bulletin 10 of the Wyoming Geological Survey and will note that there is a distinct dilTerence. Part of this 
difference can be explained by the fact that in Bulletin 10 the contours are drawn on the top of the Peay 
sand*, which is about 1 ,050 feet above the Qreybull sand , the datum surface used by the writer. The most 
striking difference, however, is in the shape of the structures portrayed on the two maps. This can be 
explained only by the fact that the present writer had much more complete data than were available to 
Mr. Hintze, and hence it is believed that the structure of the folds in this field is much more accurately 
represented on Plate XVIII than it is hi Bulletin 10 of the Wyoming Survey. 

In Bulletin 10 it is suggested that the southeast end of the Torchlight dome is not accuzstely repreeeoted, 
and this is borne out fully by data in the writer's possession. In several places on the map in Bulletin 10 
the structure contours are as much as 300 feet too low, as shown by the data contained in that report. This 
error is extremely important , as it gives the impression that any given sand in those particular areas lies 300 
feet deeper than it actually does. 
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by dips recorded at different places and shown on Plate XVIII. The 
southwestward dips vary from a fraction of 1 ° near the center of sec. 
24 to about 22° in the SW. { SW. i sec. 25, T. 51 N., R. 93 W. In 
passing from the center of the dome to the west, southwest, and south, 
the dip of the strata is gentle at first, then gradually increases to about 
20^ at a distance of about 1 mile from the center. Beyond this point 
the beds have a nearly constant dip of 20° to 25° to the edge of the 
area represented on Plate XVIII. To the east and southeast the 
maximum dip observed is 9° near the point where the strike of the 
beds swings abruptly from N. 87° E. to N. 1 7° W. Along the northeast 
flank of the dome the greatest dip is 8°, in the NE. i NE. i sec. 24, T. 
5lN.,R.93W. 

LAHB ANTICUNE. 

The Lamb anticline is a larger structural feature than the Torch- 
light dome, being about 5 miles long and 4 miles wide. Generally the 
dips are light; a maximiun of 10° was noted on the northeast' flank, in 
the SE. i SW. { sec. 7, T. 51 N., R. 92 W. The beds on the southwest 
flank within 1 mile of the axis have their greatest inclination (5°) in the 
SW. i SE. 1 sec. 11, T. 51 N., R. 93 W. Over a large part of the area 
represented by this anticline good exposures are so scarce that it is 
diflBicult to determine the attitude of the beds. 

The sjnicline separating the Torchlight dome and Lamb anticline is 
narrow and comparatively shallow, as shown by the structure con- 
tours drawn on the Greybull sand. 

OTHEB FOLDS. 

The Peay HiU anticUne (shown on PI. XVII), near the mouth of 
Greybull River, has yielded considerable oil and gas, but it has not 
been examined by the United States Geological Survey and its ap- 
proximate position only is given.. 

Four miles south of the Torchhght dome is the end of a northwest- 
ward-trending anticUne, which, according to reports, attains consid- 
erable proportions south of No Wood Creek. The lowest rocks ex- 
posed in this fold north of the creek are not older than Montana, but 
it is believed that south of No Wood Creek beds of Colorado age are 
exposed at the surface, and it is reported that some drilling has been 
done there. A maximum dip of 14° was measured on the northeast 
flank of this anticline near the center of sec. 21, T. 50 N., R. 92 W. 
On the southwest flank the greatest observed dip (21° SW.) is in the 
southern part of sec. 13, T. 50 N., R. 93 W. The axis of the syncline, 
which lies parallel with and northeast of this anticline, is compara- 
tively close to the axis of the anticline on the north side of No Wood 
Creek, varying from less than a quarter of a mile near the center of 
sec. 12, T. 51 N., R. 93 W., to slightly more than li miles where the 
axes cross No Wood Creek. 
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In the southeastern part of T. 51 N., R. 92 W., there is a gentle 
anticline which trends nearly north and south. Little detailed 
information regarding this fold was collected, so that ite extent and 
magnitude are not known. 

Olli AND GAS. 
OCCUBBENOB. 

WELLS AND PKODUCINQ SANDS. 

In all, fifty-two wells have been drilled in this field up to October 
10, 1915. The records of all these wells except three (Nos. 12, 17, 
and 30 ftre at hand and have been studied with care, but only a few 
can be published in detail, as they have been furnished by the owners 
on the condition that they be treated as confidential information. 
However, certain deductions drawn from their study are given at diff- 
erent places in this paper. 

The Kimball sand, in the Mowry shale, is the largest producer of 
oil, and the Peay sand, in the Frontier formation, is the most impor- 
tant reservoir for gas in the Basin field. The other sands are of 
little or no importance as oil or gas reservoirs. The Torchlight sand 
yields oil in one well, oil and gas in one, and water in two, and in 
fifteen other wells it is dry. A lenticular sand between the Peay 
and Torchlight sands furnishes a little oil in one well, gas in five 
wells, and oil and gas in one and is dry in one hole. The Peay sand 
contains oil in one well, gas in six, oil and gas in four, and water 
(fresh or sulphurous) in forty-one, and in four holes it is dry. The 
Kimball sand yields oil in twenty-nine weUs, oil and gas in two, and 
water in four, and in seven it is dry. The Octh Louie sand carries a 
little oil in twenty-one wells, and in the remaining five it is barren of 
oil, gas, and water. The Muddy sand contains gas in three wells 
and water in two, and in two it is dry. The GreybuU sand carries 
water in five holes and in one it is dry. 

OIL IN THE TORCHLIGHT DOME. 

In the Torchlight dome most of the oil is obtained from the Kim- 
ball sand, but oil is found also in commercial quantities throughout 
the Mowry shale and in the Peay sand and traces occur in some of 
the other sands. Seven holes penetrated the Torchlight sand, which 
is barren in five of them, oil bearing in one, and oil and gas bearing 
in one. The stray sand between the Peay and Torchlight sands was 
recognized in only one well, where it shows oil. The Peay sand was 
drilled through in thirty-four wells; one well showed gas alone, three 
oil and gas, thirty water, and four were absolutely dry.' The Kam- 

» Numbers of wells refer to correspoDdlng numbers on Plate XVin (p. 188). 

> In many wells water occurs in a different part of the same sand that carries oil or gas; hence in thest 
summaries the total of wells showing oil, gas, and water may not be the same as the nmnber of wells driUed. 
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ball sand was encounterod in thirty-two wells. In twenty-eight it 
produced oil, in two oil and gas, and in three water. In twenty- 
three wells the Octh Louie sand (or stray sand below the Kimball) 
was recognized. It contains some oil in all the wells, but not as 
much as the Kimball sand. The Muddy sand was encountered in 
three wells, in two of which it furnished a little gas and in one it 
was dry. Three wells in the Torchlight dome penetrate the Greybull 
sand, which in all three carries fresh water.. 

The productive area of the Torchlight dome, so far as development 
has gone, is limited by one dry hole (No. 7) on. the north, another 
(No. 13) on the south, and one (the Cleveland-Wyoming well) in the 
NW. J NE. J sec. 22, T. 51 N., R. 93 W., about li miles west of the 
westernmost producing wells in this dome. Well 14, which is about 
as far from the center of the dome as weU 13, is reported to have 
encountered oil in the highest or Torchlight sand. The productive 
area has not been outlined even in a general way on the east and 
not closely on the west. It is believed, however, that future drilling 
will prove that the productive area is limited on the north by a line 
midway between the 2,700 and 2,800 foot structure contours and on 
the east, south, and west by the 2,500 or 2,600 foot contour. This 
latter boundary is arbitrary and is drawn halfway between the con- 
tours of known productive and nonproductive territory on the east, 
south, and west. Oil will probably be found lower on the west slope 
of the dome than on the east slope, to judge from the distribution of 
oil in other structural features in the Bighorn Basin. The fact that 
oil is reported from the TorcUight sand in well 14 and a show of oil 
and gas in well 7 suggests that this sand carries a little oil in the 
Torchlight dome. 

These assumptions are based on the foUowing facts: On the north 
side of the dome well 7, which yields neither oil nor gas but carries 
water in the Kamball sand, is just north of the 2,600-foot contour, 
and well 5, which encoimtered oil in the Kimball sand and water 
below it, is just north of the 2,800-foot contour. The line separating 
oil-bearing from non oil-bearing territory must be between these two 
structure contours. Hence, it is assumed that the limit of the oil- 
bearing territory is approximately midway between the 2,600 and 
2,800 foot structure contours or on the 2,700-foot contour. Drilling 
may prove, however, that the productive area of the Torchlight 
dome is continuous with the productive area of the Lamb anticline 
in sees. 13 and 14, T. 51 N., R. 93 W. The presence of water in the 
Kimball sand in wells 7, 13, and 25 suggests strongly that water 
occurs in the Eamball sand around these folds at the altitude of this 
sand in these wells and probably is in part the cause of the segrega- 
tion of the oil in the Kimball sand at the crest of the Torchlight 
dome. The fact that the Kimball sand does not contain oil in wells 
7 and 13 is presumptive evidence that the area in which oil will be 
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found in this sand in commercial quantities is much smaller than 
the area in which traces of oil are found in the overlying Torchlight 
sand. The GreybuU sand is believed to be barren of oil and gas in 
the Torchlight dome. W. L. Walker, consulting geologist for the 
Valentine interests in this field, makes the following statement 
regarding this sand in the Hiatus well (No. 10) : 

In the HlatuB well, which ia located ahout 200 feet southeast of the southeast cor- 
ner of sec. 24, T, 51 N., R. 93 W., the Gieyhiill sand was found to contain water. 
The water is under a hydraulic head of several hundred feet and was present in such 
quantity that the hole could not be cleared by baiUng. No trace of oil was noted. 
At this point in the Torchlight dome, but Uttle more than a half mile from the sum- 
mit of the fold, the Greybull sand is not oil bearing. I have had no personal con- 
nection with any operations which have tested this sand at any point nearer the 
center of the structure. While the Hiatus well does Uttle more than indicate that 
the possible oil-bearing area of this sand is of less extent than the known productive 
area of the Kimball sand, certain other conditions in the district appear to give basis 
for doubting the productiveness of the Greybull sand generally in the Torchlight 
dome. 

OIL IN THE LAMB ANTICLINE. 

The Torchlight sand was penetrated in 10 wells in the Lamb 
anticline, and in all of these except No. 28, which yields water, the 
sand is dry. A stray sand between the Peay and Torchlight sands 
was encountered in seven wells. In five of these gas in varying 
amounts was struck in this sand; in one (No. 29), the partial log 
of which is given on page 160, a little oil and gas are present; and 
in one the sand is dry. Eleven wells cut the Peay sand. One of 
these (No. 20) yields oil; five gas; one (No. 28) a trace of oil and 
gas; and nine either fresh or salt water. The Kimball sand was 
encountered in eight wells. One of these yields oil and one water, 
and the others are dry. The Octh Louie sand was cut by the drill 
in four wells and in each is dry. The Muddy sand is known to have 
been encountered in two wells. In one of these (No. 28) the sand 
is dry and in the other (No. 18) it carries fresh water. Only one 
well (No. 28) in the Lamb anticline penetrated the Greybull sand ; it 
is reported to have found water only. 

The productive area of the Lamb anticline is limited to a narrow 
belt one-fourth to one-half mile in width on the northeast side of 
the axis and another from one-fourth to 1 mile in width on the 
southwest side. At the southeast end it is limited by a line north- 
west of well 15, which reached the Octh Louie sand. In sees. 2 
and 11, T. 51 N., R. 93 W., the western limit of productive terri- 
tory probably follows the 2,500-foot contour, except in the NE. I 
sec. 2, where the line swings to the west around well 20, which pro- 
duces oil. At the southwest side of the anticline the line is prob- 
ably not more than one-third of a mile south of the south boundary 
of sees. 11 and 12, T. 51 N., R. 93 W. The position of the line 
separating the productive from the nonproductive territory in this 
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antidine is based on the position of the water table in the Peay 
sandy which is the principal oil-bearing sand in this anticline. It 
is significant that in weU 21, which is the nearest well of eco- 
nomic importance to the Torchlight dome, the oil occurs in the 
Kimball sand, which is the most productive sand in the dome. This 
fact suggests that there is a connection between the two productive 
areas in the Kimball sand. 

As indicated on the map of the Basin field (PI. XVIII) there are 
two dry holes (Nos. 24 and 26) outside of the Torchlight dome and 
Lamb anticline. In each of these weUs the Torchlight sand is 
dry, the Peay sand carries water, and the Ejmball sand is dry. 
The Muddy sand yields a little gas in one well and in the other it 
carries water. In one well (No. 24) the Greybull sand is di^r and 
in the other (No. 26) it contains water. 

The oil and gas in this field occur on the highest parts of the 
upf olds, thus supporting the anticlinal theory. In different parts 
of both folds, as stated above, at distances varying from half a 
mile to If miles from the axes shown on the map, the wells do not 
encounter oil or gas. 

The productive sands in the Basin field contain considerable 
water adjacent to the oil and gas bearing portions. Some wells 
show water in the same sand in which oil and gas occur, but in 
practically all the weUs the water is not present at the same horizon 
as the gas and oil. This is true for the Peay sand in both the Lamb 
anticline and the Torchlight dome. In only one well (No. 5) in 
the Basin field does water occur with oil or gas in the Kimball sand. 
Water in the various oil and gas bearing sands doubtless has played 
an important part in causing the oil and gas to collect in the higher 
parts of the structure. 

Gas in the Lamb anticline comes from the Peay sand only and 
at the present time is used by the towns of Basin and Greybull. 
These places have the distinction of being the only towns in Wyoming 
that use natural gas. 

CHABACTBIt OF THB OIL. 

The oil from the Torchlight dome is higher in grade and contains 
much more gasoline and kerosene than that from the Lamb anti- 
cline, as is indicated by the analyses given below. It has a dark- 
green color in reflected light and a deep wine color in transmitted 
light. 

A sample of oil which is believed to be a fair representative of 
the oil of this dome was collected from Jackson No. 3 well (No. 27), 
m the NE. i SW. i sec. 24, T. 61 N., R. 93 W., from the KimbaU 
sand. Some of the gasoline may have escaped before reaching 
the office, as the container came unsealed. The following analysis 
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made in the laboratory of the Bureau of Mines shows the character 
of this oil: 

Analysu of crude petroleum from Jackson No, 3 well (No. 27) ^ in the NE, \ SW, \, 

sec. £4, T. 51 N, R, 9S W. 
Gasoline : [Began to boU at 75* C.J p^r cent. 

To 100° C 10 

100*»tol26*» 7 

126** to 150° 9 

26 

Eeroeene: 

150° to 176° 7 

175° to 200° 6i 

200° to 226° 5 

225° to 250° 7J 

250° to 275° 4i 

275° to 300° 5 

— 34} 

Residuum 39J 

100 
Specific gravities at 60° F.: 

' Crude oil 0. 8260 (39. 5° Baum6). 

Gasoline 7444 (58. 0° Baum^). 

Kerosene 8104 (42. 7° Baum^). 

Residuum 8035 (26. 7° Baum6). 

The oil from the Lamb anticline contains no gasoline and much 
less kerosene than the oil from the Torchlight dome. The residuum 
is excellently suited for lubricating oil. A sample of oil from this 
anticline was collected from Wilson No. 1 well (No. 20), in the 
NW. I NW. I sec. 1, T. 51 N., R. 93 W., from the lower part of the 
Peay sand. The oil has a very dark green color in reflected light and 
does not transmit light. Thin films of the oil are yellowish brown in 
color. The oil from which the sample was taken came from the well 
in June, 1914, and was stored in an air-tight barrel imtil October of 
the same year, when it was sent to the laboratory for analysis. An 
analysis of this sample made in the laboratory of the Bureau of Mines 
is as follows: 

Analysia of crude petroleum from Wilson No. 1 well (No. 20)^ in the NW. } NW. } sec. /, 

T. 61 N, R. 93 W. 
Kerosene: [Began to boU at IW C.) Per cent. 

To 200° C i 

200° to 225° IJ 

225° to 250° 3 

250° to 275° 8i 

275° to 300° 9 

— 22i 

Residuum 77J 

100 
Specific gravities at 60° F.: 

Crude oil 0. 8889 (27. 5° Baum6). 

Kerosene 8476 (35. 2° Baum^). 

Residuum 9038(24.9° Baum^). 
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Another sample of oil for analysis was collected from Kimball No. 
3 well (No. 9 on PI. XVIII). This oil comes principally from the 
Kimball sand, near the top of the Mowry shaler. The sample ar- 
rived at the laboratory in excellent condition, the bottle being well 
sealed, and hence at the time of analysis probably was little changed 
from its condition at the time it was collected. The analysis, which 
is given below, was made in the laboratory of the Bm^au of Mines: 

Analyfis of crude petroleum from Kimhcdl No. 3 well {No. 9 on PI. XVIII), in lot 

IS, see. 19, T. 51 N, R. 92 W. 

Gafloline: [Began to boil at 34* C] Percent. 

To50*>C : 2i 

50<»to75*» 4J 

75^ to 100* 6 

100° to 125** 10 

125*^ to 150* 7J 

30i 

Keroeene: 

150* to 175* 6 

175* to 200* 5i 

200* to 225* 5i 

225* to 250* 6 

250* to 275* 5i 

275* to 300* 9i 

38 

Reaiduum 31i 

100 
Specific gravitiee at 60* F. : 

Crude oil 0. 7955 (45. 98* Baum6). 

Gasoline 7216 (64. 0* Baum6). 

Keroaene 8102 (42. 8* Baum6). 

Reaiduum 8425 (36. 2* Baum6). 

Oil from the Greybull field (Peay Hill anticline) is reported to be 
reddish green in color and to have a gravity of about 47° Baum6. 
It ''freezes'' on cooling into a stiff yellowish mass, which is said to 
be almost pure gasoline with a low flash point. 

The subjoined commercial analysis was furnished by Homer T. 
Lamb, manager of the Greybull Oil Co. and the Bighorn Oil & Gas 
Co., of Greybull, Wyo. This analysis shows the various commercial 
products that are obtained in refining oil from the Torchlight and 
Greybull domes: 

Commercial analyeis of oil from Torchlight and Greybull domes, Wyoming. 

Per oent. 

Crude naphtha 18. 2 

Superfine white stock 21. 2 

Water-white stock distillate 21. 9 

300 stock 5. 

Wax stock 19. 1 

Cylinder stock 8. 

Loss 6. 6 

100.0 



184 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1915, PART H. 

The "crude naphtha" (18.2 per cent) corresponds to the gasoline 
in the analysis made by the Bureau of Mines. The amo;'^t of gaso- 
line determined by the Bureau of Mines analysis, howe^ ^ ^ is about 
8 per cent higher than that shown for "crude naphtha" in the 
analysis given above. The total amoimt of kerosene in the bureau 
analysis is about 8 per cent less than the kerosene percentage in 
Mr. Lamb's analysis. The total of kerosene and gasoline in each 
analysis, however, is approximately the same, the -bureau analysis 
showing 60.5 per cent and Mr. Lamb's analysis 61.3. It is possible 
that the "superfine white stock" contains some of the gasoline sepa- 
rated by the Bureau of Mines and that the "crude naphtha" does not 
include all the gasoline content. 

Oil from the Bonanza Spring, referred to in this report, was an- 
alyzed by E. E. Slosson, of the University of Wyoming, and the 
essential part of the distillation of the product is given below: 

DtUUlation of Bonanza petroleum.^ 
{Speclflo gravity of crade petroleum, 0.850 or 34.6* Bamn^] 





Boiling point. 


Gravity of distillM«. 




Specific. 


Baumi 


60* to 157* C 


0.762 
.792 
.822 
.843 
.853 


Degrees. 

53.5 


157* to 200* C 


46.5 


200" to 237* C 


40.3 


237*to273"C 


36.1 


273* to 207* C 


34.1 







aFLsher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Vni 
Paper 53, p. 59, 1906. 

This table shows that the oil begins to boil at 60® C. The part 
distilling between 60° C. and 157° C. was practically all gasoline, 
which has a specific gravity slightly lower than the gasoline from 
Jackson No. 3 well, in the Torchlight dome. All material distilling 
between 157° C. and 297° C. is kerosene, the -specific gravity of 
which varies from 0.792 to 0.853, or from 46.5° to 34.1° Baum6, 
The specific gravity of the kerosene from Jackson No. 3 well is 
0.8104 (42.7° Baumfi). These comparisons show that the oil from 
the Bonanza Spring is probably similar to that from the Torch- 
light dome. 

CHABACTEK OF THE OAS. 

All wells that yield oil in the TorchUght dome produce also » 
little gas. In fact some of the wells furnish enough gas to cause the 
oil to flow. The principal gas wells in the area shown on Plate 
XVIII are located on or near the axis of the Lamb anticline, in 
the E. J sec. 12, T. 51 N., R. 93 W., and the extreme western part 
of sec. 7, T. 51 N., R. 92 W. Gas from these wells is from the Peay 
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sand and is without color but has a strong odor. Lane No. 1 well, 
the origii/li' large gas well (No. 23), produces more gas than any of 
tlie othei' ^t^ells drilled in the Torchlight dome and Lamb anticline. 
A sample of gas from this well was collected for analysis by dis- 
placement of air. The results of this analysis are given below: 

Analysis of natural gazfrtm, Lane No. 1 well {No, tS), in the SE. J SE, J tec. 12 ^ T. 51 N,, 

R, 9S TT.i 

[Laboratory No. 5722; 0. A. Burrell, analyst.] 

Specific gravity (air free), 0.59. 

Carbon dioxide (CO2) 0. 4 

Oxygen (Oj) 

Methane (CH4) 93.5 

Ethane (CaH«) 3.5 

Nitrogen (Na> 2.6 

100.0 

The heating value of this gas at 0° C. and 760 millimeters pressure 
(calculated) is 1,061 British thermal units. 

Two samples of gas from the Greybull field were collected by 
W. R. Calvert' in 1912. Their analyses are given below, together 
with Calvert's comments. 



Analysis of natural gas from Greybull ^ Wyo, 
[O. A. Burrell, analyst.] 



3224 



3222 



Density (air— 1) 

Carbon dioxide (COs) 

Oxygen (0«) 

MethanecCIU) 

Ethane(CiH«) 

Nitrogen (N,) 

Claroline absorption per cent 

Oross heating Tahie,at 0" C. and 760 millimeters pressure British thermal units 



0.64 



a77 



0.20 


0.00 


.00 


.00 


81.70 


51.55 


17.35 


47.20 


.75 


1.25 


100.00 


100.00 


.26 


22.60 


1,192 


1,427 



Sample No. 3224 is from the Island No. 1 well, one of the eight wells that produce 
gas commercially. The initial production of this well was 750,000 cubic feet at a 
rock pressure of 120 pounds. The volume was not ascertained at the date of the 
writer's visit, but the pressure has decreased to 30 pounds. 

Sample No. 3222 is of casing-head gas from a nonproducing well in which some oil 
was found, the object being to ascertain the difference, if any, between this "wet'* 
gas and that from the ''dry" gas wells. As shown by the analyses the gases have a 
different composition. The composition of the gas represented by sample No. 3224 
ia practically identical with that of the natural gas supplied to Pittsburgh, Pa., accord- 
ing to anal3rBes made by Burrell. 

1 This analysis is slightly in error because a small amount of whisky may have been taken up by the 
sample from the oork of the bottle in which the gas was contained. 

* Calvert, W. R., A prelhnhiary report on the utilisation of petroleum and natural gas in Wyoming: 
U. 8. Bureau of Mines Tech. Paper 57, p. 13, 1913. 

98867**— Bull. 621—16 13 
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As the gas from Lane No. 1 well (laboratory No. 5722) is from a 
sand that yields an oil much lower in gasoline than the sand from 
which samples Nos. 3224 and 3222 were taken, it is reasonable to 
expect that the last two samples should be higher in ethane, a promi- 
nent constituent of gasoline, than the first. 

PBODTTC^IOK. 

It is estimated that the total production of oil from the Torchlight 
dome is probably about 800 barrels daily, or nearly 300,000 barrels 
a year, on a basis of twenty-seven producing wells. Shooting the 
weUs and additional drilling will probably increase this amount 
considerably. 

The wells drilled in the Lamb anticline at the time the field was 
examined (October, 1914) were not producing, as pipe-line connections 
had not been made. Although the oil is of a lower grade than that 
from the Torchlight dome, there is no reason to believe that the 
yield per well will not be approximately as great. 

Only thr^ wells (Nos. 18, 22, and 23) in the Lamb anticline are 
producing gas in commercial quantities. These wells are reported to 
yield sufficient gas to supply the tovms of Basin and GreybuU. It is 
estimated that these three wells when first drilled each yielded ap- 
proximately 5,000,000 cubic feet of gas daily, or 1,825,000,000 cubic 
feet a year. Each well had a rock pressure of 147 pounds to the 
square inch. The gas is furnished to customers in Basin and Grey- 
buU at 40 cents a thousand cubic feet for eight months of the year 
and 35 cents a thousand for the remaining four months. 

WELLS DRILLED. 

The greatest number of wells drilled in the Torchlight dome and 
Lamb anticline were begim and completed in 1913, 1914, and 1915. 
Information regarding the wells is given in the following table: 
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Wdls drilied in the Batin oil fiddf Wyoming. 

NoTB.— Between November, 1914, and October 10, 1915, 22 wells were drilled In the Torchlight dome. 
Their location is not shown on Fbite XVm, but some notes on them, with logs of two oTthe wells, 
are given in the text below. 



No. on 
PLXVin. 



1. 

2. 
3. 
4. 

5. 

6. 

7. 

K. 

9. 
10. 
11. 
12. 

13. 
14. 
15. 
1ft. 
17. 
18. 

19. 
20. 
21. 
22. 
23. 
24. 

25. 
26. 
27. 

28. 
29. 

30. 



Name. 



Original gas well. 



No. 2 

Torchlight No. 1 

Torchlight No. 2 

Jackson No. 2 , 

Jackson No.l 

Champion No. 1 

Kimball No.l 

Kimball No. 3 

Hiatus No. 1 

KimbaUNo.2 

Clevelaad- Wyom i n g 
No.l. 

Sdiaefler 

Champion No. 2 

Durham No. 1 

CushhigNo.l 

Harvey No. 1 

CohunoiaNo. 1 



QriggsNo. 1.. 
WiteonNo. 1.. 

Lane No. 2 

Jenninss No. 1 . 

Lane No. 1 

Ruth 



Armstrong No. 1. 



Jackson No. 3. 



Padmore 

Union Gas & Oil Co. '8 

well. 
Cleveland- Wymn i n g 

well No. 2. 



Company. 



Torchlight Drilling & Mining Associa- 
tion. 

do 

Valentine interests 

do 

QreybullOUCo 

do 

Champion Oil Co 

QreybullOUCo 

do 

Valentine interests 

QreybullOUCo 

Cleveland-Wyoming Oil Co 



Greybull OH Co. . 
Champion 00 Co. 
GreybuU OU Co. . 

....do 

....do 

....do 



.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
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Results. 



A Uttle gas. 
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do 

do 

do 

Show of oU and gas 
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do 
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....do 



Water 

Oil reported 

Water 

Gas 

Dry 

Gas aud fresh 

water. 

Dry 

Oil and gas 

Oil 
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....do 

Water and a liUle 

gas. 

Freshwater 

Water 

OU, gas, and fresh 

water. 

A little water 

Trace of oU and gas 



Oil and gas. 



Depth 
in feet. 



106 



965 

1,800± 

(*) 

(«) 
l,100db 

400+ 



a The exact depths of producing wells are confidential and are withheld at the request of the different 
(dl companies, 
ft Most of these walls vary in depth from 4fiO to 700 feet, aooording to their position on the dome, 
e Most of these wells vary in depth from 450 to 900 feet. 

Complete information regarding aQ the wells listed above was 
not obtained. K "oil" or "gas" is not shown in the "Results" 
colimm, the well is considered a dry hole. 

Development has been very active on the Torchlight dome since 
the field was examined in October, 1914. During the following 12 
months 22 additional wells have been drilled, mainly in the interior 
of the dome. Twenty of these wells are on the EimbaU and Jackson 
claims of the Greybull Oil Co. One well was drilled by the Valentine 
interests on the Philip Minor claims, in the NE. J SE. J sec. 24, T. 51 
N., R. 93 W., about 300 feet west of Kimball well No. 3 (No. 9 on PL 
XVIII), and one by the Cleveland-Wyoming Oil Co. on the Tillard 
daim, in the NW. J NE. i sec. 22, about IJ miles west of any other 
wells on this dome. 

All these wells except the Cleveland- Wyoming well have encoun- 
tered oil in commercial quantities in the Eimball and Octh Louie 
sands of the Mowry shale, at depths ranging from 400 to 600 feet. The 
Cleveland-Wyoming well was not drilled deep enough to penetrate 
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the Mowry shale. A trace of oil is said to have been encoimten 
this well. 

Ten of the wells drilled by the Greybull Oil Co. are on the JacJ 
claim, which includes the E. ) W. i sec. 24, and are known as Jac] 
wells Nos. 4 to 13, inolusiye. Jackson No. 4 is 360 feet north] 
Jackson No. 1 (No. 6 on PI. XVIII) ; Jackson No. 5 is 350 feet sot 
of Jackson No. 3 (No. 27, PI. XVIII) ; Jackson No. 6 is 350 feet soi 
of Jackson No. 5; Jackson No. 7 is 350 feet north of Jackson "No. 
Jackson No. 8 (No. 33, PI. XVIII) is 360 feet north of Jad 
No. 7; Jackson No. 9 is 350 feet north of Jackson No. 8. The log 
well No. 8 follows: 

Partial log of Jackson well No. 8, in the SE, \ NW, J sec, 24, T, 51 N., R, 9S TF. 

Depth (feet). 

Top of Peay sand (yields sulphur water) 266 

Top of Kimball sand (yields oil) 475 

Top of Octh Louie sand (yields oil) 548 

Bottom of hole 606 i 

Well No. 8 was begun June 26 and completed July 6, 1915. A; 
Star rig was used in drilling this weU, as in all welb drilled by the 
Greybull Oil Co. in this field. The altitude of the mouth of the ureil 
is approximately 4,170 feet above sea level. Homer T. Lamb, 
manager of this company, states that the str^i^ta between the top of 
the EombaU sand and the base of the Octh Louie sand, or practically 
all of the Mowry shale, carry some oil. 

Jackson well No. 10 is 350 feet south of Jackson No. 6; Jackson 
No. 11 is 360 feet south of Jackson No. 10; Jackson No. 12 is in the 
SE. \ NW. i sec. 24, about 150 feet from the west line and 600 feet 
from the south line; Jackson No. 13 is 350 feet north of Jackson 
No. 12. 

Ten wells have been drilled by the Greybull Oil Co. on the Eimball 
claim, which includes the west range of forties in sec. 19, T. 61 N., 
R. 92 W., and are known as Eimball wells Nos. 4 to 13, inclusive. 
These wells reach the oil-bearing rocks at depths similar to those on 
the Jackson claim, as is shown by the log of Eimball well No. 7 (No. 
49, PI. XVIII) given below: 

Log of Kimball well No. 7, in lot /4, sec. 19, T. 51 N, R. 92 W. 

Depth (feet). 

Top of Peay sand (yields sulphur water) 287 

Top of Kimball sand (yields oil) 500 

Top of Octh Louie sand (yields oil) 585 

Bottom of hole. 631 

This well was commenced February 4 and completed February 15, 
1915. The altitude of its mouth is about 4,148 feet. 

The new wells on the Kimball claim are situated as follows: Kim- 
ball Nos. 4, 5, 6, and 7 are at 350-foot intervals in order south from 
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iball wdl No. 3 (No. 9, PL XVIII); Kimball Nos. 8, 9, 10, 11, 
and 12 are at 350-foot intervals in order north from Kimball No. 1 
(No. 8, PL XVIII) ; Kimball No. 13 is 360 feet east of Kimball No. 7. 

The Qeveland-Wyoming Oil Co.'s well in the NW. \ NE. J sec. 22, 
T. 51 N., K. 93 W., was conmienced March 15 and finished April 10, 
1915. It is about 900 feet deep and at the bottom encountered a 
sand that carried a little water. This sand is probably a thin bed in 
the lower part of the Cody shale, about 100 feet above the top of the 
Torchlight sand. About six weeks after the drilling operations were 
completed the well had filled with water. A scum of oil was on 
the water and about the casing where the water had overflowed. 
Whether the oil came up with the water or was put there by someone 
interested in creating an oil excitement is an unsettled question. 

Information collected in the summer of 1915, too late to be incorr 
porated in Plate XVIII, indicates that the small dome at the end of 
the Lamb anticline is not so weU defined nor so sharply separated 
from the main fold as is shown on the map. The 2,400-foot contour, 
instead of closing in sees. 35 and 36, T. 52 N., R. 93 W., swings to the 
north and east through sec. 36 of the same township and sees. 31 and 
30, T. 52 N., R. 92 W., keeping about half a mile to the east and north 
of the Ruth well (No. 24). From this point it swings to the west and 
southwest, joining the 2,400-foot contour, as represented in Plate 
XVIII on the west side of the main anticline, near the southwest cor- 
ner of sec. 2, T. 51 N., R. 93 W. The depression between the Lamb 
anticline and the next dome to the north is so slight that the 2,300 
and 2,200 foot contours do not connect aroimd the north end of the 
anticline, as is suggested by that part shown in Plate XVIII. 

The Griggs well No. 1 (No. 19, PL XVIII), in the S. i sec. 1, T. 51 
N., R. 93 W., is shown on the map as an ''oil and gas well." The 
yield of oil and gas in this well is so sUght, according to Homer T. 
Lamb, that it should be considered a dry hole. 

CONCLUSIONS. 

As the Torchlight dome and Lamb anticline are comparatively 
small structural features, the amount of oil and gas that thoy can 
produce is necessarily limited. It is believed that the outlines of 
producing territory in these folds can not be determined by the 
wells now drilled, but will be pushed outward in both areas by fur- 
ther drilling, that the initial yield will be much enhanced by careful 
shooting of the wells, and that the life of the field will be prolonged 
by preventing the escape of gas. The production will be greatly 
increased by more thorough drilling inside of the limits of the pro- 
ductive area already approximately determined. As the areas in 
which gas has been found in commercial quantities are rather small, 
and the areas in which oil has been found are considerably larger, it 
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seems safe to predict that further drilling within limited areas 
yield more oil than gas and that the field will be preeminently fx] 
oil field. 

The lowest sand containing oil or gas in commercial quantities Is 
these structures is the EimbaU, or top sandstone of the Mowry shctle 
Deeper drilling in the Lamb anticline may possibly prove that thLi 
GreybuU sand of the Cloverly formation contains oil or gas, but thii 
is doubtful. It is also possible, but hardly probable, that the mor^c 
prominent sandstone beds ia the Morrison formation, which imderlies 
the Cloverly, may prove to be of importance as producers of oil and 
gas in both the Torchlight dome and the Lamb anticline, as the oil 
known to be present ia places in the late Carboniferous limestone 
may have ascended to and saturated these porous beds. 

The operation of a refinery in tlus general region near the raiLroad 
undoubtedly would be of economic importance to the companies 
producing oil in this part of the Bighorn Basin. Such a plant is 
now being constructed at Greybull, about 5 miles northwest of the 
Lamb anticline, and probably will be in operation before this report 
is published. 






GEOLOGY AND OIL PROSPECTS OP CUYAMA VALI,EY, 

CALIFORNIA. 



By Walter A. English. 



INTRODUCTION. 

The Cuyama Valley (shown in fig. 12), lying between the Santa 
Maria oil fields on the coast and the Sunset-Midway field in the San 
Joaquin Valley, has attracted the attention of oil men for many 
years; and were it not that the region lies far from the railroad and 
that the price of oil during the last few years has been so low as to 
render wildcat drilling somewhat unattractive, the valley would 
probably have been tested by a considerable number of wells before 
this time. The region not only lies between two of the richest oil 
fields of the State, but much of it is underlain by rock formations 
similar to those in which oil occurs in the productive fields, and in 
places oil seeps out at the surface. In order to determine whether or 
not oil might be expected to occur in commercial quantity in this 
region, and if so to point out the areas that offer the greatest promise, 
the writer undertook an examination during the fall of 1914. 

On the basis of the geologic evidence in hand the chance for the 
development of a commercially successful oil field in the Cuyama 
Valley may be regarded as poor ; and ^t is highly probable that no 
field comparable to the larger of the present productive fields of 
California will be found here. It is possible that in a few small areas 
pools comparable in size to the smaller pools in Santa Clara Biver 
valley, in northern Ventura County, may be found, but this possi- 
bility does not seem to offer great encouragement for exploratory 
drilling. 

Throughout the field season the writer was assisted by Wallace 
Gordon, and many of the data here recorded are the results of Mr. 
Gordon's work. He also wishes to acknowledge the uniform courtesy 
and hospitality of the inhabitants of the region. 

PREVIOUS REPORTS. 

Although much of southern California has been studied by geolo- 
gists, there appears to be very little information published concern- 
ing the geology of the Cuyama Valley. The valley was visited in 

1854-55 by one of the Pacific railroad survey parties, and the geology 
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is described in a report by Thomas Antisell.^ He commented on the 
narrowness of the canyon of lower Cuyama River, above which is 
the wide valley which he likened to the basin of a great arm of the 




FiouBB 12. — Index map of a part of California. 

sea. Antisell gave only a very general statement as to the geologic 
structure and stratigraphy. 

A paper by Fairbanks ^ describes an analcite diabase which he had 
observed on the north side of Cuyama Valley. 

* U. S. Pacific B. E. Expl., vol. 7, pL 2, pp. 53-57, 1857. 

• Fairbanks, H. W., Analcite diabase in San Luis Obispo County, Cal. : California Univ. 
I>ept. Geology Pub., vol. 1, No. 9, pp. 273-300, 1895. 
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Lawson/ in a report on the California earthquake of 1906, gives a 
brief description of the main physiographic features of this region, 
and in the same volume Fairbanks describes the rift features along 
the San Andreas fault. 

GEOGRAPHY, 

The area of which a detailed study was made and which is shown 
on the geologic map (PI. XIX) lies at the south end of the Coast 
Ranges, approximately 250 miles southeast of San Francisco and 
100 miles northwest of Los Angeles. It includes about 300 square 
miles in Ventura, Santa Barbara, and San Luis Obispo counties. 
The topography and drainage of this area are shown on the maps of 
the Santa Ynez, McKittrick, and Mount Pinos quadrangles published 
by the United States Geological Survey. 

The State of California extends along the shore of the Pacific for 
some 750 miles in a northwest-southeast direction, and its eastern 
boimdary lies 200 to 250 miles back from the coast. Through the 
central part of the State runs the great interior valley, drained by 
Sacramento and San Joaquin rivers, bounded on the west by the 
Coast Banges and on the east by the lofty Sierra Nevada. At the 
southeast end of the interior valley the Sierra Nevada narrows and 
swings southwestward in a broad sweep to meet the Coast Banges, 
forming the rugged mountains at the south end of the Great Valley. 
The area described in this paper lies at the south end of the Coast 
Banges, west of their junction with the Sierra Nevada. 

The Coast Banges south of San Francisco are made up of a num- 
ber of long ridges which trend somewhat more to the west of north 
than the range as a whole. These ridges reach heights of 4,000 to 
5,000 feet and are separated by comparatively wide, alluvium- 
floored structural valleys that range in altitude from a few hundred 
feet to 3,000 feet. The larger streams follow the structural valleys 
for the greater part of their length, but at places they have cut 
narrow canyons directly across the bordering ranges. 

The region represented by Plate XIX includes the large structural 
Cuyama Valley and parts of the San Baf ael and Caliente ranges, 
which border it. The San Baf ael Bange, which lies on the southwest 
side of Cuyama Valley, forms an area of high relief 15 to 20 miles 
wide, extending in a northwesterly direction across eastern Santa 
Barbara County. This range is one of the largest and most rugged 
of the units forming the Coast Banges in this part of the State. 
Northeast of and roughly parallel to the San Baf ael Bange is a suc- 
cession of valleys and ranges of structural origin. Named from 

1 LawsoD, A. C», and others, The California earthquake of April 18, lOOO : State Earth- 
quake Invest Com. Bept, vol. 1» pL 1, pp. 22, 42, Carnegie Inst. Washington, 1908. 
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southwest to northeast these are Cuyama Valley, Caliente Range, 
Carrizo Plain, Temblor Range, and San Joaquin Valley. 

The middle course of Cuyama River follows a northwestward- 
trending broad structural valley some 40 miles in length. In its 
eastern half this valley is nearly flat for a width of 4 to 6 miles, but 
toward the west the continuation of its floor has been cut into by the 
streams, and it is now represented by gravel-covered mesas that 
slope toward the narrower valley followed by Cuyama River. 

There are two good roads from Maricopa, the nearest point on the 
railroad in the San Joaquin Valley, to the divide at the head of a 
north branch of the Cuyama ; the new grade is about 12 miles long 
and the old grade up Cienaga Canyon a few miles longer. From 
the divide down the valley westward as far as the edge of the area 
mapped, the road is level but sandy. West of the area mapped the 
road to Santa Maria, on the coast, is said to be poor in the narrow 
canyon through which Cuyama River crosses the San Rafael Range, 
and for this reason the main route of travel from Cuyama Valley is 
to the San Joaquin Valley and not to the coast. 

The climate of the Cuyama Valley is much the same as in other 
parts of the southern Coast Ranges. The annual rainfall is said to 
average from 10 to 20 inches, subject to Considerable variation. In 
winter the higher ridges are snow covered and light snowfalls are 
not unusual in the valley bottom. The summer weather is hot and 
dry. Cuyama River, like many other Coast Range streams, though 
nearly dry during the larger part of the year, is often impassable 
for several days after heavy rains. 

Except for a few scattered oaks this region is treeless, the hills be- 
ing covered with more or less brush, the amount depending on the 
slope, kind of soil, and amount of sunlight. The brush ranges from 
a scattered growth to an impenetrable tangle of chamisal, scrub oak, 
and mountain laurel. In general the mountains to the south of the 
Cuyama Valley are much more brushy than those of the Caliente 
Range. 

The level land in the broad part of the valley produces in wet 
years good crops of hay, but the frequency of dry years greatly de- 
tracts from the value of the land, and only a few hundred acres are 
farmed. Recently a number of settlers have taken homesteads on the 
mesas in the western part of the valley and are clearing them of their 
dense covering of brush. Springs of good water are rare in the older 
rocks, but between Salisbury Canyon and the Spanish ranch a num- 
ber of springs issue from the base of the gravel along the lower edges 
of the broad mesas. At the present time preparations are being made 
on the Caliente ranch to use the water from a few of these springs 
to irrigate some 2,000 acres of land on a low river bench, on which 
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alfalfa will be planted. Although only very locally suited for agri- 
culture, nearly all of this portion of the Coast Kanges is a fair stock 
range, and cattle raising is the main occupation of the inhabitants. 

GEOLOOT. 

CONDITIONS OF SEDIMENTATION. 

In the Coast Bange province conditions of sedimentation were 
subject to great local variation during the Tertiary period. The 
variations were necessary results of the constantly changing relations 
of land and sea caused by the many warping movements to which 
the province was subjected. Tectonic foroBs were active, with vary- 
ing degrees of intensity at different times and in different parts of 
the Coast Banges, practically throughout the Tertiary period. 
There were both widespread movements that elevated or depressed 
the major part of the province and caused marine waters to retreat 
from or transgress over most of it, and more local movements that 
caused the relative elevation or depression of small blocks of the 
earth's crust within the province. Differential uplifts similar to 
those that formed the present ranges accompanied the earlier gen- 
eral movements of subsidence and uplift and formed long island 
ridges in the sea which, during parts of the Tertiary period, covered 
the Coast Bange area and in which the sediments now constituting 
the Tertiary formations were deposited- The mingling of sediment 
derived from these islands with that derived from the main land 
areas, and the effect of the islands of low relief in sheltering certain 
areas from deposition of such material, produced the puzzling vari- 
ations in lithology shown by the Tertiary formations. 

As a result of the repeated warping movements which the Coast 
Bange region suffered during Tertiary time, land masses of pro- 
nounced relief existed for a considerable part of that period. Ero- 
sion was active, a large amount of sediment was carried to the areas 
of deposition, and formations many thousands of feet in thickness 
were laid down during the same period in which only a few hundred 
feet of deposits accumulated in more stable areas such as the eastern 
part of North America. 

Exclusive of local movements it is commonly believed that seven 
or eight rather widespread transgressions and subsequent recessions 
of the sea can be recognized as having taken place in the Coast 
Banges during Tertiary time. However, the recognition of the re- 
sults of these movements is extremely difficult because of the many 
local unconformities and variations in lithology. The area here de- 
scribed illustrates the great local variation in formations resulting 
from such conditions, for although the area studied in the Cuyama 
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Valley is comparatively small it is impossible to give a general de- 
scription of the formations occurring there, as features characteristic 
of a formation at one place are absent elsewhere. The lines sepa- 
rating the formations mapped were selected as far as possible to 
make the formations correspond in time of deposition to the epochs 
of general subsidence which have been worked out for the Coast 
Banges as a whole. Thus it must be borne in mind that each forma- 
tional unit is made to include as nearly as possible all beds in the 
region which were deposited duFing a certain period of time and 
that it comprises local members of different lithologic types. Like- 
wise beds included in a single formation may be separated by marked 
local unconformities and, on the other hand the division lines be- 
tween formations may come at horizons marked by little or no evi- 
dence of unconformity. 

STRATIGRAPHY. 
GENERAL FEATTRES. 

The general character and local variations of the formations pres- 
ent in the area mapped are shown in Plate XX. Though rocks of 
Franciscan age (Jurassic?) are widely distributed in the Coast 
Ranges, they do not crop out and are not known to be present in 
this area, so that except for a small fault block of granite (pre-Fran- 
ciscan?) the oldest formation present is a mass, not less than 9,000 
feet thick, of rather uniform dark-green sliale, the age of which is 
not definitely known and may be either Cretaceous or early Tertiary 
(Eocene). Resting on this shale, everywhere with marked uncon- 
formity, is the Monterey group (Miocene). The beds present here 
are of the same age as the Vaqueros formation and Maricopa shale 
and perhaps part of the Sespe, as that formation is mapped in the 
Santa Clara River valley.^ The Monterey group here consists of a 
maximum of 8,000 feet of gray and pinkish shales, together with red 
and white sandstones. Locally unconformable but, in general, ap- 
parently conformable above the Monterey group is the Santa Mar- 
garita formation (Miocene), composed of white clay and diatoma- 
ceous shale, together with white sand and conglomerate formed 
largely of granitic material. A marked local unconformity sepa- 
rates the lower part of the Santa Margarita from the upper part. 
Resting on the eroded edge of the Santa Margarita, and with much 
lower dips, is the Cuyama formation (Pliocene?), which consists of 
500 to 600 feet of nonfossiliferous yellow and pink clays, sand, 
and gravel, in large part of nonmarine origin. Quaternary ter- 
race gravel, important with relation to water supply, covers the dis- 
sected surface of a former wide valley in the western part of the area 

1 U. S. Geol. Survey Bull. 309. 1007. 
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mapped and is also present near Ballinger and Quatal canyons, where 
it occurs as scattered remnants of once extensive land-laid deposits 
formed on an old surface of low relief. 

GRANITIC ROCKS. 

Near the head of Quatal Canyon is a small fault block of a crushed 
gneissoid granitic rock, which consists largely of feldspar, hornblende, 
and mica. This is the only outcrop of granitic rock known to occur 
between the westernmost exposure of the granite of the Sierra 
Nevada, about 5 miles to the northeast, and the extensive area of 
granitic rocks in the Huasna quadrangle, about 50 miles to the north- 
west. The granite of the Sierra Nevada is intrusive into the Mari- 
posa slate (Upper Jurassic) and is considered to be of Jurassic or 
post-Jurassic age. It is supposed by many that the granite of the 
Coast Ranges, though not actually continuous in outcrop with that of 
the Sierra Nevada, is of the same age, but others regard it as possibly 
pre-Jurassic. 

PRE-MONTEREY SHALE. 

A formation not less than 9,000 feet thick, of rather uniform dark 
marine clay shale, containing a small amount of thin-bedded sand- 
stone, crops out over a considerable part of the area mapped. A 
poorly preserved Pecten and the cast of a Cerithium, the only fossils 
found in this formation in the Cuyama area, give no definite evidence 
as to its age. In adjacent regions there are lithologically similar 
formations of both Cretaceous and Eocene age, and the formation 
here present may be of either age, or possibly grade from one to the 
other. The term pre-Monterey is used in the absence of more definite 
evidence as to the age of the formation. This formation is con- 
tinuous with beds in the northeast comer of the Lompoc quad- 
rangle, mapped by H. R. Johnson* as pre-Monterey and said to 
include rock of Knoxville age (Lower Cretaceous), together with 
Chico (Upper Cretaceous) or Eocene, or perhaps both. Specimens of 
AucellaB, characteristic of the Kiioxville, were the only fossils found 
in that area. About 25 miles south and southeast of the Cuyama 
Valley are the Summerland^ and Santa Clara River valley* oil 
fields. In these areas the name Topatopa formation is applied to 
dark-colored shale and sandstone, the upper part of which contains 
well-preserved Eocene fossils, though the lower part is nonfossilif er- 
ous. The Topatopa formation may be of the same age as the beds 

^Araold, Ralph, and Anderson, Robert, Geplosry and oil resonrces of the Santa Maria 
oil district, Santa Barbara County, Cal. : U. S. Geol. Survey Bull. 322, pi. 1, 1907. 

'Arnold, Ralph, Geology and oil resources of the Summerland district, Santa Barbara 
County, Cal. : U. 8. Geol. Survey Bull. 321, 1007. 

"Eldridge, G. H., and Arnold, Ralph, The Santa Clara Valley, Puente mils, and Los 
Angeles oil districts, southern California : U. S. Geol. Survey Bull. 300, 1007. 
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in the Cuyama Valley, but no definite correlation can be made at 
present. East of the Cuyama Valley, around the south end of the 
San Joaquin Valley, is the Tejon formation (Eocene), which con- 
sists of about 4,000 feet of greenish and gray sandstone and shale 
that are lithologically somewhat similar to a part of the pre-Monterey 
rocks of the Cuyama Valley and may be of the same age. 

In the area mapped the nearly uniform character of the dark clay 
shale is in contrast to the great local variation in lithology of the 
younger formations. Shale forms about 90 per cent of the forma- 
tion near Cuyama Peak, the remaining 10 per cent being made up of 
hard white sandstone which weathers to brown and which is inter- 
stratified with the shale in beds varying from 3 to 10 feet in thick- 
ness. Farther west, near Aliso Canyon, most of the sandstone when 
fresh is of a light-blue color and weathers to mottled brown and 
white, and a few thin beds of conglomerate containing pebbles of 
metamorphic rocks are present. Near Saltos Canyon the shale is in- 
terbedded with sandstone or graywacke, blue when fresh but wea- 
thering brown, the color being due to the large amount of ferro- 
magnesian minerals present. About 8,000 feet of this formation is 
exposed between Cuyama Peak and the fault to the northeast, and 
a thickness of 9,000 feet was measured in Saltos Canyon, near the 
west edge of the area mapped. Neither of these sections includes the 
lowest or the highest beds of the formation, so that the total 
thickness is unknown and probably is considerably greater than the 
9,000 feet measured. 

MONTEREY GROUP. 

The term Monterey group is here applied to some 7,000 to 8,000 
feet of beds of locally variable lithology, which rest with marked 
imconformity on the pre-Monterey shale. The lower part of the 
group is correlated with the Vaqueros formation, and the upper part 
with the Maricopa shale ^ of the southwest edge of the San Joaquin 
Valley. Though these correlations are believed to be roughly cor- 
rect, the beds in the Cuyama Valley are not the precise equivalents 
in time of deposition of these formations, nor are they of identical 
lithologic character at their type localities. The shale, which is here 
called Maricopa, probably includes lower rocks than the formation > 
near Maricopa and farther east. In the Caliente Eange lava flows 
and intrusions of basalt or diabase are associated with the upper 
part of the Maricopa shale, whereas in the San Emigdio Mountains, 
east of Maricopa, a considerable thickness of beds mapped as Vaque- 
ros overlie similar igneous flows and separate them from the shale 
there mapped as Maricopa. 

1 The name Maricopa shale Is used In the report on the Sunset-Midway region, now In 
preparation by R. W. Pack, for a great thickness of diatomaceous shale which In the pre- 
liminary report was mapped as Monterey shale. 
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North of Cuyama River the Monterey group consists largely of 
dark-gray shale of the Vaqueros in the lower part, and chocolate- 
colored to pink Maricopa shale in the upper part ; south of Cuyama 
River the Vaqueros is mostly white and red sandstone, and the 
upper part of the Monterey (Maricopa shale) is brown clay shale, 
locally grading into white sandstone; east of the upper part of 
Cuyama River the Monterey group consists entirely of gray, green, 
red, and white sandstone and arkosic sandstone. Because of these 
local variations in lithology the three areas of outcrop of the forma- 
tions of the Monterey group will be described separately. 

In the Caliente Range, north of Cuyama River, the Vaqueros for- 
mation consists of dark-gray marine clay shale with a small amoimt 
of interbedded white sandstone and is overlain by the yellow and pink 
to chocolate-colored, somewhat diatomaceous Maricopa shale. A sec- 
tion through Caliente Mountain gives a thickness of 6,000 feet of the 
dark shale of the Vaqueros, though the base is not exposed, the lowest 
beds cropping out being those next to the fault in the southwestern 
part of sec. 21, T. 11 N., R. 27 W. The lower 1,500 feet in this section 
consists of nearly black clay shale without sandstone, above which 
lenticular beds of white sandstone from 2 to 25 feet thick make up 
10 to 15 per cent of the total thickness. The formation is well ex- 
posell on the steep slope of the south flank of Caliente Mountain. 
Similar interbedded shale and sandstone crop out for a distance of 
1^ miles down the northeast slope of the mountain.^ The Maricopa 
shale conformably overlies the dark-gray clay shale and sandstone of 
the Vaqueros on both flanks of the Caliente Mountain uplift. On 
the south flank there is about 2,000 feet of shale weathering pink to 
chocolate-colored, prevailingly clayey but in part a " chalky " diato- 
maceous shale. Lenses of hard yellow-weathering impure limestone 
are numerous. On the northeast side of the Caliente Range about 
2,000 feet of sir'ilar beds are associated with both interbedded and 
intrusive basic igneous rocks. 

South of Cuyama River the Monterey group consists in ascending 
order of the Pato red member of the Vaqueros, made up of gray and 
red clay shale and sandstone ; white sandstone of the Vaqueros ; and 
brown Maricopa shale. The massive pure-white sandstone of the 
Vaqueros is the only part of the group which is sufficiently uniform 
to be recognizable throughout this area. This sandstone, which con- 
tains a good marine fauna of lower Miocene age, is formed of mate- 
rial derived largely from the erosion of granitic rocks. It has a maxi- 
mum thickness of about 1,300 feet and is especially prominent in the 
region of Montgomery Potrero and the head of Castro Canyon, where 

^The writer's work extended only as far north as the crest of Caliente Mountain, and 
the data concerning the north flank of the mountain are furnished by B. W. Pack, who, in 
company with Robert Anderson, made a reconnaissance of the south side of the Carrlso 
Plain in 1909. 
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it weathers to extremely rugged white cliffs that may be seen for a 
distance of 15 or 20 milea On the southwest slope of Fox Mountain 
and west of Branch Canyon it was deposited on the pre-Monterey 
shale, but elsewhere it is underlain by red sandstone and conglomer- 
ate which form the lowest member of the Vaqueros formation. 

East of Santa Barbara Canyon the Vaqueros formation can be 
divided into two parts, white sandstone above and red sandstone, con- 
glomerate, and clay below. The red rocks are so conspicuous that 
they have been mapped separately and called the Pato red member 
of the Vaqueros formation, from Pato Canyon, where they are well 
exposed. The Pato red member has a thickness of 1,300 feet. The 
upper 500 feet of beds are of a brilliant crimson color and are com- 
posed of material eroded from the adjacent land at the time the red 
beds were being deposited, the red color being due to the oxidation of 
the abundant ferromagnesian minerals composing the pre-Monterey 
rocks. Conformably below the bright-red beds is about 800 feet of 
gray and red clay. These beds are in fault contact with the pre- 
Monterey shale, and their base is not exposed. 

The absence of red beds west of Fox Mountain is believed to be 
due to a conformable overlapping of the red beds by the white sand- 
stone of the Vaqueros, the Fox Mountain area having been land at 
the time the Pato red meniber was deposited and having furnished 
the material of which it was formed. 

In the vicinity of Montgomery Potrero the massive white sand- 
stone of the Vaqueros is underlain by a pearl-gray shale, partly 
" chalky " and made up of diatom skeletons, at the base of which is 
locally about 150 feet of red beds formed of material derived from 
the underlying pre-Monterey rocks. The maximimi thickness of 
this shale that was noted is 1,800 feet. As this shale is not of a litho- 
logic type which would normally have been deposited in an area of 
progressive overlap upon an uneven land surface, its irregular dis- 
tribution suggests that it is uncomfortable below the white sand- 
stone, though for the present purpose it is included with the Pato 
red member of the Vaqueros formation. 

The Maricopa shale, which overlies the white sandstone of the 
Vaqueros formation south of the Cuyama Valley and which forms 
the upper part of the Monterey group, has been mapped separately 
only as far eastward as Salisbury Canyon. It consists of about 1,700 
feet of brown shale in which reef -like outcrops of white sandstone 
are locally prominent The shale is made up mostly of clastic frag- 
ments, locally clayey, and is not noticeably diatomaceous. East of 
Salisbury Canyon the upper part of the Monterey group consists 
largely of white sandstone and is not separable from similar beds 
which underlie it. 
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In the northeastern part of the area mapped there is about 7,500 
feet of nonfossiliferous bright-colored sandstone, which is believed to 
be roughly equivalent to the Monterey group in the areas to the west. 
These beds, though prevailingly marine, are coarser grained than 
those to the west, and were undoubtedly laid down closer to the shore 
line. The following description gives the character of the beds ex- 
posed along the line of section B-B', Plate XXI : The lowest beds, 
w^hich l;rop out close to the San Andreas fault, consist of a greenish 
sandstone, composed of ill-sorted quartz grains, interstratified in beds 
4 or 5 feet thick, with finer and softer gray sandstone. Though the 
irregular structure makes estimates of thickness uncertain, there is 
probably about 2,000 feet of these lower beds exposed. Above them 
is 800 feet of prevailingly massive sandstone, gray to grayish green, 
varying to a bright red. This sandstone is a prominent feature on 
both flanks of the steep anticline north of Ballinger Canyon, where it 
forms wall-like outcrops and prominent cavernous rocky points. 
Above it is 900 feet of more varicolored blue, red, and gray sand- 
stones and sandy clays, consisting of rather ill-sorted material and 
containing bowlders of schist and granite, some of which are G feet 
in diameter. These beds and those overlying them are softer than the 
lower sandstone and weather to badlands, with steep slopes and nar- 
row, nearly impassable gulches. At the top of the bright-colored 
sands there is a locally prominent bed of yellow sandstone, 50 feet 
thick, overlying which is about 600 feet of bluish sandy shale, that 
weathers to a light brown. Above the shale is 200 feet of soft, nearly 
white sandstone, in which a few thin calcareous beds stand out prom- 
inently. The white sand grades upward into similar white and 
ocher-colored sand and conglomerate which contain lenses of yellow 
clay, in all probably about 2,000 feet thick. In these beds the ma- 
terial is poorly sorted and the grains are only slightly rounded. 
They are evidently the products of rather rapid erosion from near-by 
areas of considerable relief, and are probably, in part at least, of non- 
marine deposition. In the eastern part of the area mapped, very 
close to the upper limit of these beds, is a 20 to 40 foot basalt flow, 
interbedded with the yellow and white arkosic sands. 

The following fossils were found close to the base of the white 
sandstone of the Vaqueros near Santa Barbara Canyon : 



Pecten magnolia. 
Pecten bowersl. 



Pecten voljeformis. 
Turritella inezana. 



. The following were found near the top of the Vaqueros formation 
southeast of Caliente Mountain : 



Chione panzana? 

Chione n. sp., near diabloana. 

MytUus mathewsonl var. expansos. 

Panopea estreUanus. 

Pecten crassicardo. 

98867°— Bull. 621—16 14 



Calyptrsea sp.? 

Murex vaquerosensls new var. 
Trophosycon sp.? 
Turritella ocoyana. 
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In the Tipper part of the Monterey group south of the Cuyama 
Valley the following occur : 



Scntella norrisi. 
Ghlone securis. 
Ostrea veatchii? 
Pecten andersoni 



Phacoides acutilineatus. 
Venus i>ertenuls. 
TurriteUa ocoyana. 



SANTA MARGARITA FORMATION. 



The Santa Margarita formation, consisting of 2,000 to 4,000 feet 
of light-colored sand and shale, rests with apparent conformity on 
the underlying Monterey group, though the overlap of the Santa 
Margarita on the pre-Monterey rocks in the western part of the 
Cuyama Valley shows that it is at least locally separated frc»n the 
Monterey group by an unconformity. In the western part of the 
area mapped the Santa Margarita formation consists of a basal 
red sandstone, overlain by interbedded diatomaceous shale and white 
sandstone containing a characteristic marine fauna, and this in turn 
is overlain by clay, sand, and gravel. The beds mapped as Santa 
Margarita east of Cuyama River are nonfossiliferous coarse white 
sand, gravel, and brown clay, lying conformably on the underlying 
Monterey group. 

The basal red sandstone, having a thickness of 500 feet, is limited 
to a small area in Bedrock Canyon. Because of its marked difference 
in color from the remainder of the formation and because it repre- 
sents a phase of sedimentation that is important in a study of the 
geologic history of the region, this red sandstone has been mapped 
and is here named the Bedrock Canyon sandstone member of the 
Santa Margarita formation. 

The Bedrock Canyon sandstone consists of bright-red sandstone, 
clay, and conglomerate, the materials of which were derived from 
an adjacent land mass of pre-Monterey rocks, and the deposition of 
materials of this kind ended when the land was overlapped. The 
color of this member, like that of the Pato red member of the Va- 
queros formation in Santa Barbara Canyon, is due to the oxidation 
of ferromagnesian minerals in the fragments of sandstone of the 
pre-Monterey rocks, of which the member is composed. The Red- 
rock Canyon member rests directly on the pre-Monterey rocks, the 
absence of the Monterey group probably being due to its removal 
by erosion before the deposition of the Santa Margarita. 

The shale which conformably overlies the Bedrock Canyon sand- 
stone represents a more widespread phase of deposition, though it 
varies considerably in lithologic character in the western part of 
the Cuyama Valley. Because of its distinctive lithologic character 
this shale has been mapped separately and is named the White- 
rock Bluff shale member of the Santa Margarita formation, from 
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Whiterock Bluff, on the north side of the Cuyama Valley. Near 
this point it consists of not less than 1,500 feet of a white '^ chalky '' 
diatomaceous shale, which is believed to be separated by an un- 
conformity from the Monterey group, upon which it rests. Above 
this shale is about 100 to 150 feet of fine white sandstone that proba- 
bly belongs to the overlying member of the formation. Two miles 
north of Whiterock Bluff the "chalky" shale, which there stands 
nearly vertical, is about 1,000 feet thick. Farther west, near Taylor 
Canyon, it is only a few hundred feet thick, and the shale part is 
underlain by 25 to 200 feet of white sandstone, conformably below 
which is the Bedrock Canyon member. On the south side of the 
Cuyama Valley the Whiterock Bluff shale, consisting of inter- 
bedded white clay shale, diatomaceous shale, and sandstone, appar- 
ently grades into the underlying sandstone and shale beds mapped 
as the Maricopa shale, the line of separation being drawn at the low- 
est horizon at which Santa Margarita echinoderms occur. Three 
zones of white sandstone and two zones of shale are present, the total 
thickness being 2,000 to 2,500 feet, of which the shale makes up about 
one- third. 

The remainder of the formation is called the Morales member of 
the Santa Margarita because of its development in the vicinity of 
Morales Canyon, where it consists of some 2,000 feet of clay, white 
sand, and gravel. It is unconformable on the Whiterock Bluff 
shale, as is shown by the fact that it overlaps the shale and rests 
upon the pre-Monterey rocks. The lower part of the Morales mem- 
ber consists of 300 to 400 feet of a light-gray, poorly bedded soft 
clay shale, containing a few thin beds of white limestone which on 
weathering break up into small irregular fragments that become 
scattered over the surface. On the south side of Cuyama River 
nearly all of the Morales member is of the lower fine-grained phase, 
but north of the river the lower clay is overlain by 500 to 600 feet 
of white sandstone and clayey sandstone, above which is 1,000 feet 
of largely incoherent gravel, which contains abundant shale pebbles, 
probably derived from erosion of the Whiterock Bluff shale, along 
with a few large oyster shells that are secondary, being probably 
also derived from the same member. 

In the eastern part of the area mapped the Santa Margarita is 
represented by about 4,000 feet of nonfossiliferous light-colored 
gravel and 500 feet of brown clay in which layers of gypsum are 
iuterbedded and large secondary crystals of gypsum are common. 
This zone of brown gypsiferous clay, which rests conformably on 
the orange-colored and white beds of the Monterey group, is easily 
traceable and therefore has been somewhat arbitrarily assumed to be 
the base of the Santa Margarita formation. The gypsiferous clay is 
^^y a short distance above the interbedded basalt, which is similar 
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to basic intrusive rocks that are closeij' dissociated with the Monterey 
group in this general region. The gravel above the gypsiferous clay 
contains basalt bowlders, which are absent at lower horizons, indi- 
cating that the upper beds are unconformable upon the beds asso- 
ciated with the basalt flows and belong to a later formation. 

The following fossils were found in the Whiterock Bluff shale 
member of the Santa Margarita formation : 



Astrodapsis antiselli. 
Astrodapsis tumidus. 
Ostrea titan. 
Pecten crassicardo. 
Trophon gabblanum? 



Venus iiertenuis. ' 
Agasoma sinuatum. 
Turritella carisaensis. 
Turritella ocoyana new var.? 
Tamiosoma gregaria. 



CUYAMA FORMATION. 



Beds of nonmarine yellow and pink sands which rest with very 
marked unconformity on the Santa Margarita and older beds are 
here named the Cuyama formation, because they crop out only in the 
Cuyama Valley. This formation was laid down in a broad valley, 
possibly somewhat wider than the present distribution of the deposits 
would indicate, which had been eroded in the previously folded and 
faulted older formations. At the time the Cuyama formation was 
deposited the main ranges and valleys were much as they are at 
present, though with less relief, and since its deposition the region 
has been affected by only minor movements compared to those which 
disturbed the Santa Margarita and older formations. Because of 
the low dips, a good section of the Cuyama formation is nowhere 
exposed. In the eastern part of the Santa Ynez quadrangle the for- 
mation is probably not over 250 or 300 feet thick and consists of 
incoherent yellow sand with here and there a shale-pebble conglom- 
erate, probably in large part a river deposit. Farther west, where 
these beds are probably twice as thick, the sand is pink, poorly sorted, 
and in part clayey. This is presumably a playa or estuarine deposit. 

No fossils were found in the Cuyama formation. Its deposition 
was probably coincident with the formation of the extensive Santa 
Lucia peneplain, which was described by Fairbanks in the San Luis 
folio * and which he believed to be of Pliocene age. 

TERRACE GRAVEL. 

The Cuyama formation was gently folded and faulted, after which 
a second wide valley was cut in the Cuyama structural trough. In 
this valley from 10 to 50 feet of orange and ocher colored gravels 
were laid down as an alluvial apron sloping from the foot of the ad- 
jacent ranges toward the middle of the valley. Since that time 

1 Fairbanks, H. W., U. S. Geol. Sarvey GeoL Atlas, San Luis folio (No. 101), 1904. 



GEOLOGY AND OIL PROSPECTS OF CUYAMA VALLEY, CAL. 205 

Cuyama River has cut its channel below the gravel-covered surface 
of the western half of this old valley, and fragments of the former 
valley bottom now form mesas separated by narrow steep-sided 
gulches. During this process of downward cutting by Cuyama River 
a number of intermediate river benches or terraces were formed and 
gravel was deposited on them. Thus the terraces are of various ages, 
some of them having been formed long ago and some very recently, 
During the most recent period of downward cutting, which probably 
commenced not over a few hundred years ago, Cuyama River has 
carved a narrow channel, with vertical sides 15 to 30 feet high, in 
the western part of the area mapped. 

TERTIARY IGNEOUS ROCKS. 

In the southern part of the Coast Ranges small flows and intrusions 
of basic igneous rocks are commonly associated with beds of the 
Monterey group. West of the Caliente Range a basic rock described 
by Fairbanks* as analcite diabase is intrusive into the Maricopa 
shale of the Monterey group. The areas of intrusive rocks are so 
small and irregular in outline that it is very difficult to map them, 
and only two such areas are shown on the map accompanying this 
report. On the north side of the Caliente Range a similar rock 
forms a number pf flows of considerable size in the Maricopa shale 
and is associated with similar intrusives. Just west of the small block 
of granite in Quatal Canyon a basalt flow 20 to 40 feet thick and 
about 2 miles long is interbedded near the top of the Monterey group. 

STBUCTUBE. 
GENERAL STRUCTURE OF THE REGION. 

« 

The Coast Ranges of California are made up of a series of long 
northwestward-trending ridges, the individual ranges of the system, 
separated by wide valleys. These ridges and valleys are of structural 
origin, having been formed by the folding and faulting that accom- 
panied the general uplift which, near the close of Pliocene and dur- 
ing early Pleistocene time, raised the Coast Ranges to their present 
altitude. Though subsequent erosion has cut gulches and canyons 
in the ranges, the main topographic features are still clearly struc- 
tural, and the larger streams, for most of their courses, follow the 
structural valleys. Where streams cut across structural ridges, the 
narrow canyons that they follow are in striking contrast with the 
wide valleys that trend parallel to the structure, showing what a 
small part of the width of the valleys can be due to erosion. 

* Fairbanks, H. W., Analcite diabase in San Luis Obispo County, Cal. : Univ. California 
Dept. Geology Pub., vol. 1. No. 9, pp. 273^00. 1895. 
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When examined in more detail the main ranges and valleys are 
seen to have a more complex structure than would result from a 
single epoch of folding and uplift. The structure above outlined as 
resulting froin the comparatively recent folding is superimposed 
upon structures formed by earlier movements, the present complex- 
ity being the result of several movements during Tertiary time. An . 
interesting result of this combination of movements is that, although 
the general trend of the major lines of structure produced by the 
earlier movements was northwest and thus parallel to the major 
lines of the present structure, the blocks subjected to differential 
uplift during the earlier part of the Tertiary were in many places 
not the same as those which have been most recently uplifted. More- 
over, the relative movement of any particular area has not always 
been in the same direction, for at one time it may have formed 
part of a block that was depressed and at another time part of a 
block that was elevated with respect to adjacent blocks. Thus the 
area recently faulted down to form the western part of the Cuyama 
Valley was at an earlier time uplifted, and the Monterey group 
was removed from it by erosion, while the area of the present 
Caliente Hange was either under water or subjected to much less 
erosion. 

The main structural features of the area mapped (see PI. XXI) 
are the structural depressions of the Cuyama Valley and thp upfolds 
or uplifted blocks of the earth's crust on both sides, forming the 
Caliente and San Eafael ranges. The Caliente Bange was formed 
largely by the folding of the rocks, but this folding was accompanied 
in places by breaking, producing faults. Two strike faults along 
which the rocks moved at least 1,000 feet bound the Cuyama trough 
on the southwest through most of its length. Between Branch and 
Castro canyons, however, there are no faults, and the Monterey group 
extends in imbroken outcrop southward to the crest of the ridge. A 
number of cross faults north of Montgomery Potrero bound the east 
end of the great block of uplifted pre-Monterey rocks, against which 
the beds of the Monterey group are faulted down. From Castro 
Canyon eastward the other large strike fault has brought the pre- 
Monterey rocks up on the south. Here the main fault dies out toward 
the west, and there are no cross faults, the Maricopa shale resting 
with normal contact upon the southwest side of the tilted block of 
pre-Monterey rocks. 

The structure of the east end of the Cuyama Valley is obscured 
by the heavy cover of alluvium, but the topographic form of the 
valley, together with the presence of a broad, open syncline that 
crosses Quatal Canyon, a mile above its mouth and directly in line 
with the axis of the valley, strongly suggest that this part of the 
valley is also synclinal. 



GEOLOGY AND OIL PROSPECTS OF CUYAMA VALLEY, CAL. 207 

DETAILS OF STRUCTURE. 

The complex anticlinal structure of the Caliente Range includes a 
number of folds, of which the largest two in the area mapped 
cross the range at a considerable angle, trending more nearly north 
than the range as a whole. The dips on the north flank of the great 
fold and on the upper slopes of the mountain are not over 30°, but 
on the south flank, or the side of the mountain facing the Cuyama 
Valley, the dips vary from 75° S. to vertical, or the beds are in 
places even overturned and dip steeply toward the north. The great 
fold composing the mountain is thus asymmetric, the dips on one 
side being very much steeper than those on the other side. North- 
west of Whiterock Bluff the Caliente anticline is separated from the 
Cuyama trough by a fault which has brought the Maricopa shale into 
contact with the Morales member of the Santa Margarita formation. 

A block which was depressed as a structural unit in the last great 
epoch of deformation lies in the western part of the Cuyama trough, 
between the fault south of the Caliente Bange just mentioned and 
the great fault southwest of the Cuyama trough, and extends from 
Aliso Canyon northwestward beyond the edge of the mapped terri- 
tory. In this area the Santa Margarita formation, where its base is 
exposed, rests directly on the pre-Monterey shale, and the Monterey 
group does not appear to be present. The dips in the shale of the 
older formations range from 35° to 70° SW., whereas those in the 
overlying Santa Margarita are generally less than 20°. The broad 
folds into which the Santa Margarita is here flexed are striking 
when contrasted with the close folds and steep dips shown by the 
same formation in other parts of the trough. The absence of the 
Monterey group in this great fault block indicates that after the 
deposition of that group the block was raised above the adjacent 
area, now occupied by the Caliente Bange, and the Monterey group 
was removed by erosion. The pre-Monterey rocks thus exposed were 
also reduced by erosion to a region of low hills on which the Santa 
Margarita formation was deposited when the land again became 
submerged. A later movement in the opposite direction brought the 
block down to its present position in the trough, faulting the gravel 
of the Morales member against the pink Maricopa shale. It is pos- 
sible that the uplift on the northwest side of this block was accom- 
panied by a downward movement along the plane of the fault that 
now bounds the block on the southwest, and if so there may be a 
strip of the Monterey group along the southwest edge of the tilted 
block, which escaped erosion and is now concealed by later deposits. 

There have been two later movements along this fault on the 
southwest side of the Cuyama trough. The earlier one preceded the 
deposition of the Cuyama formation and formed an uplifted block 
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from which material was derived to form the bowlder beds in that 
formation near the fault. The later movement faulted the Cuyama 
formation and left the steep scarp which now exists along this fault 
line. 

On the south side of Cuyama Biver, east of Aliso Canyon, the 
Monterey group and Santa Margarita formation are flexed into 
fairly steep folds, the general character of which is illustrated by 
section B~B', Plate XXL The beds that compose the Santa Mar- 
garita formation are, because of their softness, more irregularly 
folded and faulted than those of the Monterey group. Only a few 
of the individual folds and faults will be described. The white 
sandstone which is involved in a sharply folded syncline of the 
Vaqueros that crosses Santa Barbara Canyon along the south line 
of T. 9 N. is, in part, faulted down against the Pato red member, 
and forms a striking feature by reason of the contrast in color be- 
tween the pure white massive sandstone and the bright-red con- 
glomerate and clay. A very narrow fault block of dark-green or 
gray to rusty imindurated angular conglomerate, which dips about 
20° S., lies between the syncline of white sandstone and the pre- 
Monterey rocks. These conglomeratic beds evidently originated as 
a talus deposit along a steep slope produced by an early movement 
on the main fault, and later the narrow block was faulted down to 
its present position. The fault that extends eastward from Santa 
Barbara Canyon, about a mile north of the large fault, has brought 
the white sandstone down on the north side against the bright-red 
beds. Throughout this area the older Tertiary rocks are overlain 
with marked unconformity by the comparatively flat-lying Cuyama 
formation, in which the dips are mostly under 10*^. The plane of 
contact at the base of the Cuyama is apparently steeper than the 
dip of the formation, suggesting that the surface on which these 
beds were deposited was marked by a steep slope near the limit of 
their present distribution. 

No attempt was made to work out in detail the geologic struc- 
ture in the areas of pre-Monterey rocks which form the rugged 
mountains on the south side of the Cuyama Valley*. The dips in the 
areas examined suggest that the folds are much larger than those 
in the later formations, and the structural lines are possibly less 
markedly northwest in trend. 

The largest structural feature in the northeastern part of the area 
mapped is the broad syncline which crosses Quatal Canyon near its 
mouth and which is probably a continuation of the Cuyama trough. 
North of this syncline the sandstone of the Monterey group is flexed 
into steep and irregular folds and the beds are greatly broken close 
to the San Andreas fault, which here as elsewhere has formed a zone 
of very intricate structure a mile or more wide. 
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FETROIiEnM. 

QKWKRATi COHDITIOHS OF 0GCT7BBENCR 

An examination of the geology of the Cuyama Valley was imder- 
taken with the object of determining, so far as it is possible to deter- 
mine from the study of surface evidence alone, whether or not com- 
mercially important quantities of oil might reasonably be expected 
to occur here. The preceding sketch of the general geologic features 
is given in order that the reader may understand the reasons for 
reaching the ccmclusions stated below. 

It must be borne in mind, however, that one can not, from a study 
of the surface alone, determine positively whether or not oil occurs 
beneath the surface. It is possible by such a study to designate areas 
in which it is extremely unlikely that oil may occur, and other areas 
in which the structure is favorable for the accumulation of oil, but 
the presence or absence of oil can be definitely determined only by 
drilling. As the cost of putting down a well is great, drilling should 
not be undertaken in a new region until a careful geologic examina- 
tion of the surface has been made and the most favorable area deter- 
mined, for not only is the chance better for getting oil in that par- 
ticular area, but if the drill finds the sand dry it is a fair inference 
that the sands beneath the surrounding areas are also dry. Many 
wildcat wells, by reason of their poor location, add little or nothing 
to our knowledge of the oil possibilities of the region other than to 
show that the particular spot drilled on is not imderlain by oil. 

CONDITIONS IN FBODUCTIVE FIELDS OF CALIFOBNIA. 

One of the most significant facts that suggests the occurrence of 
petroleum in this region is its situation between the very productive 
Sunset field on the northeast and the Santa Maria field on the 
southwest, with the smaller scattered fields of the Santa Clara River 
valley some distance to the south. Therefore a brief statement of the 
condition under which oil occurs in these productive fields is given 
for comparison with conditions in the Cuyama Valley. 

Oil is known to occur in various sands throughout the Tertiary 
system in the productive fields of California. Although some oil 
has been found in older rocks, the Tertiary beds are the most produc- 
tive, but the precise geologic age of any particular bed within the 
Tertiary seems to have little or no bearing on the question of its 
possible petroleum content. Thus beds at the same horizon as the 
oil sands in an adjacent productive field are not necessarily the beds 
most likely to yield oil in an undeveloped area. The geologic struc- 
ture of possible oil-bearing rocks and their association with shale 
formations which are believed to have been the original source of the 
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oil are of greater importance than the precise geologic position of 
the rocks. 

In the Santa Maria field and the Sunset and other San Joaquin 
Valley fields the oil-bearing sands are close to large bodies of light- 
pink diatomaceous shale or "chalk" rock. When this "chalky" 
shale is examined under a microscope it is seen to contain a great 
many small, variously shaped objects, which are the skeletons or 
shells of Kadiolaria and Foraminifera, two kinds of small animals 
that lived in the sea at the time this shale was being deposited. Much 
more numerous than the animal remains are skeletons which are 
recognized by their peculiar forms as having been secreted by dia- 
toms, small and very simple marine plants, which were extremely 
abundant in the ocean at the time the shale was deposited. The 
great number of animals and plants whose skeletons are preserved, 
together with others which may have been even more abundant, but 
which lacked skeletons, sank to the ocean bottom and formed great 
deposits of slimy mud or ooze. The organic material from this mud, 
which subsequently became shale, was later changed into the oil that 
is now f oimd in near-by sandy rocks. That the oil has really come 
from this shale is shown by the fact that in nearly all the thousands 
of successful wells drilled in California the oil comes from sands 
or other porous beds which are either interbedded with or close to 
diatomaceous shale. 

Although oil is still present in much of the diatomaceous shale, it 
can be obtained in considerable amounts only from porous rocks into 
which it has migrated from the close-grained shale. All of the sandy 
beds in contact with the diatomaceous shale are not oil bearing, for 
factors other than the texture of the rocks control the distribu- 
tion of the oil and cause its local concentration at certain points in 
the porous beds, thus forming the pools of the productive fields. 
The cause of this migration and local concentration of the oil is still 
an unsettled problem, but from an examination of successful fields 
it is seen that beds showing certain types of geologic structure are 
most likely to contain large amounts of oil. One of the most com- 
mon structural features of the large California oil fields is the 
unconformable contact at the base of the oil sands, showing that the 
sands were laid down upon the eroded edges of diatomaceous shale. 
Apparently this unconformable contact allows the oil, which mi- 
grated freely upward along the bedding planes in the shale, to reach 
the overlying sands. Within these sands the oil has in most places 
migrated up the rise of the beds in the different folds and collected 
in anticlines or on the upper slopes of monoclines and at the upper 
ends of plunging synclines. However, these points of local concen- 
tration have no fixed and invariable relation to structure, and in many 
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places no concentration has taken place in sands which are seemingly 
as favorably situated as other sands that are highly productive. 

The oil fields of the San Joaquin Valley are all situated on rather 
low folds in the foothill belt around the edges of the valley. The oil 
sands crop out only on the side of the productive areas farther from 
the valley, and oil may have migrated up from a considerable dis- 
tance down the dip in the wide San Joaquin Valley syncline. Thus 
another important condition of productive fields is the presence over 
a considerable area adjacent to the oil pools of impervious beds over- 
lying the masses of diatomaceous shale. 

In the Santa Maria field the oil migrated from bodies of diatoma- 
ceous shale and collected in overlying sandstone beds and in bodies 
of shale which had been previously folded and crushed into angular 
fragments between which the oil found a resting place. The folds 
in this field are smaller and the dips steeper than in the San Joaquin 
Valley fields, and the areas from which oil could have migrated to 
form the local concentrations are less extensive. Despite this fact 
there are a number of exceedingly productive local areas in this field. 

In the fields of the Santa Clara River valley much of the oil ap- 
parently originated in clay shale, possibly in part diatomaceous, and 
is found concentrated mostly in overlying sandstones, along anti- 
clines, and close to faults. In this field many of the folds in which 
oil occurs are closely compressed and narrow and are similar in type 
to the folds which occur in the Cuyama Valley. 

Oil seeps are present in the vicinity of all the developed fields, and 
independent of later developments they prove the presence of at 
least some oil in the region. Many of the seeps occur along the out- 
crops of productive oil sands, and thus they also indicate the position 
of the sand in which the oil occurs. In an undeveloped field the 
prospector should therefore expect to find oil seeps, and their loca- 
tion should indicate the part of the formation most favorable to 
prospect. Though many oil pools have been discovered by drilling 
near seeps and neglecting other features, this has generally proved 
a costly and roundabout way of eventually discovering the productive 
areas. 

C0in>ITI0NS IN CUYAMA VALLEY. 

As the association of sandy beds with the shale which was the 
original source of the oil is one of the most important conditions in 
productive fields, the discussion of the Cuyama Valley area will be 
based on the areal distribution and character of such shale. The 
shales present in the Cuyama Valley are the thick mass of pre- 
Monterey shale, the shale in the Vaqueros formation, the Maricopa 
shale, and the locally well-developed Whiterock Bluff shale member 
of the Santa Margarita formation. 
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There appears to be little possibility of obtaining oil from beds 
associated with the dark clay shale of the pre-Monterey rocks, which 
crops out over considerable areas in the rugged mountains on the 
south side and in the western part of the Cuyama Valley. Litho- 
logically similar shale of Cretaceous age on the west side of the 
Sacramento Valley contains oil seeps, and in the Santa Clara River 
valley some of the oil probably originated in the Topatopa (Eocene) 
shale, which is of much the same type and possibly of the same age 
as the shale of the pre-Monterey in this area. However, in the area 
examined no seeps or other evidence of the presence of oil were 
found or were reported in this shale, or in overlying beds, so that it 
seems unlikely that any appreciable amount of oil derived from it is 
present either in the interbedded sandstones or in porous overlying 
formations. Much the same reasoning may be applied to the dark 
clay shale and interbedded sandstone of the Vaqueros formation, 
which constitutes the main mass of the Caliente Kange. 

Of the other formations the pearl-gray shale in the vicinity of 
Montgomery Potrero, the pinkish Maricopa shale on the flanks of 
the Caliente Range, and the "chalky" Whiterock Bluff shale 
member of the Santa Margarita are the only beds that are of a 
lithologic type in which it seems likely that oil may have originated, 
and only those general areas in which one of these shales crops out 
or is believed to be present below the surface are thought to be 
likely to produce oil. 

The gray diatomaceous shale which is mapped as a part of the 
Pato red member of the Vaqueros and which underlies the promi- 
nent white sandstone of the Vaqueros at Montgomery Potrero 
has a very irregular distribution, being absent along the Monterey 
and pre-Monterey contact west of Branch Canyon and on the south 
side of the tilted block of pre-Monterey rocks at the head of Castro 
Canyon. It probably underlies the western part of the prominent 
anticline north of Salisbury Potrero, but its slight thickness and 
meager content of diatomaceous material make it insignificant in 
comparison with the great mass of diatomaceous shale in productive 
fields. No seeps are known to occur in this shale or in associated 
porous rocks. The chance of obtaining commercial quantities of 
oil from beds overlying this shale in the area mapped is therefore 
probably slight. 

The Maricopa shale, in the upper part of the Monterey group of 
the Caliente Range, has a maximum thickness of about 2,000 feet, 
and although less diatomaceous than the typical " Monterey shale " 
it may have been the source of considerable quantities of petroleum. 
Two or three oil seeps have been reported in this shale. 

The white diatomaceous shale in the Whiterock Bluff shale mem- 
ber is locally over 1,000 feet thick and may have been the source of 
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considerable quantities of oil. It is significant that the seep south 
of Whiterock Bluff occurs at a point where this shale is thickest 
as well as most diatomaceous. Areas of favorable structure under- 
lain by either this or the Maricopa shale would deserve very careful 
consideration as being possibly productive. Unfortunately no such 
ai'eas of favorable structure were found. 

The structure in the Caliente Range is unfavorable for the collec- 
tion of oil from either of these formations, as they are overlain by 
porous beds only on the flanks of the anticline, where the beds stand 
nearly on edge. The Whiterock Bluff shale member of the Santa 
Margarita west of the fault that trends northwest from the mouth of 
Morales Canyon is thin but very diatomaceous. However, the broad 
syncline in which it lies is not a favorable structure for the accumu- 
lation of oil. 

Between Whiterock Bluff and the outcrop of the Santa Marga- 
rita formation, west of Salisbury Canyon, and northward to Cuyama 
Kiver is an area in which a determination of either the structure or 
the distribution of the formations that may have been a source of 
oil is uncertain because of the presence over most of the surface of 
the Cuyama formation and terrace gravels. As the underlying 
structure is unlmown this area can not be classed as definitely bar- 
ren of oil, although there is no positive evidence to reconmiend it as 
an area favorable for oil accumulation. The small area of pre- 
Monterey rocks overlain by the Morales member of the Santa Marga- 
rita south of Whiterock Bluff is important as showing that the 
diatomaceous shale does not extend directly south from Whiterock 
Bluff to the edge of the valley. In the absence of more definite evi- 
dence it may be assumed that the diatomaceous shale is absent south 
of a line drawn from the small area mentioned to the point where 
Aliso Canyon enters the main body of pre-Monterey rocks. North- 
east of that line the Cuyama formation is presumably underlain by 
one or both of the diatomaceous shale formations. Though probably 
present both shales become notably less diatomaceous toward the 
southeast. The Maricopa shale is a nondiatomaceous brown sandy 
clay shale south of Cuyama River, and the Whiterock Bluff shale 
between Salisbury and Aliso canyons is less diatomaceous than at 
Whiterock Bluff. If one may judge of the amount of oil formed 
in the shale by its thickness and the amount of diatom skeletons pres- 
ent in it, then only a comparatively small quantity of oil should be 
expected to occur in this area. Any oil which may have originated in 
these shales might have collected either in interbedded sandstones or 
at the base of the Cuyama formation, having seeped up from the 
eroded edge of the underlying shale. A well of comparatively shal- 
low depth located on any one of a number of low local anticlines in 
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the Cuyama formation would test the sands at the base of that forma- 
tion, as the Cuyama formation in this area is probably not over 200 
or 300 feet thick. This thickness of beds would probably not give 
sufficient covering to retain any large quantity of oil, and the very 
marked unconformity between the Santa Margarita and Cuyama 
formations suggests that a large part of the oil might have escaped 
from the lower beds before the overlying beds were deposited, so that 
on the whole the prospect of obtaining more than small quantities of 
oil, if any, in this area is not promising. 

OIL SEEPS. 

The largest seep reported, and the only one seen by the writer, 
occure in the bed of Cuyama River south of Whiterock Bluff. 
The river has cut down about 20 feet through Quaternary stream 
deposits and is flowing on bedrock, here diatomaceous shale of the 
'Whiterock Bluff member of the Santa Margarita. During an ear- 
lier epoch the river cut down to the same level and formed a much 
wider valley in which the stream gravel and sand that form the 
vertical banks of the present stream were deposited. It was during 
this earlier epoch in which the river flowed upon bedrock that most 
of the oil now seen at thig locality seeped up from the underlying 
shale of the Santa Margarita. While the river was flowing on bed- 
rock and while it was depositing 3 or 4 feet of sand a number of 
pools of oil were formed here, some not less than 100 yards across. 
The oil in these pools saturated the surface sand, which was later 
covered by sediment and preserved and which is now traceable along 
the vertical river banks as thin strata of oil sand interbedded with 
white sand and clay. At one place, which may have been the original 
seep, an asphalt-like oil has escaped from the underlying shale very 
recently. The shale near this seep has irregular dips and the oil 
may have come up along or close to a fault. 

At least three seeps of oil are reported in areas of Maricopa shale 
of the Monterey group in the Caliente Range, but at the time of the 
writer's visit they could not be located and had probably ceased to 
flow. A reported seep in a small canyon in the NW. J sec. 15, T. 11 
K, R. 28 W., could not be found. There is said to be a small brea 
deposit on a ridge in the SE. i sec. 14, T. 11 N., R. 28 W. A seep 
reported in the creek bed near the forks of Taylor Canyon, in the 
SE. i sec. 24, T. 32 S., R. 19 E., has also apparently ceased to exist. 

WELLS DBILLED FOB OIL. 

The Webfoot well, in a narrow gulch on the north side of Bal- 
linger Canyon, in the SW. J sec. 2, T. 9 N., R. 24 W., was started 
about 1905, and drilling continued intermittently for a number of 
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years. It is said to have reached a depth of 1,800 feet without en- 
countering any oil. This well starts in nearly vertical beds of brown 
sandy shale of the Monterey group. 

The Grand Prize Oil Co., composed of Bakersfield and local 
people, drilled a well in sec. 6, T. 11 N., E. 28 W., at about the same 
time as the Webfoot well was drilled. This well is said to have 
reached a depth of 600 or 700 feet without obtaining any oil. It 
starts in the "chalky" white shale of the Whiterock Bluff shale 
member of the Santa Margarita and probably reaches the under- 
lying pre-Monterey rock. It is located on the south flank of a broad 
syncline. 



STRUCTURE OF THE BEREAOIL SAND IN THE SUMMERFDBLD 
QUADRANGLE, GUERNSEY, NOBLE, AND MONROE COUN- 
TIES, OHIO. 



By D. Dale Condit. 



INTRODUCTION, 

Within the last 12 years the United States Geological Survey has, 
from time to time, been engaged in mapping the structural features 
of oil and gas fields in eastern Ohio and southwestern Pennsylvania. 
The first work was done by W. T. Griswold, who mapped the Berea 
oil sand in the Cadiz quadrangle, Ohio, and later supervised the 
preparation of maps for the Steubenville and Flushing quadrangles. 
In the meanwhile M. J. Mimn, E. W. Shaw, and others carried on 
similar work in western Pennsylvania. 

During the season of 1914 a complete geologic examination of the 
Woodsfield and Summerfield quadrangles, in southeastern Ohio, was 
made. In this sm^ey the writer was assisted throughout the field 
season of four months by R. V. A. Mills and Frank Reeves and for a 
short time by C. A. Bonine. The results of the examination of the 
Summerfield quadrangle are set forth in a condensed form in this 
preliminary paper. A similar report has been prepared for the 
Woodsfield quadrangle. These advance papers are expected to be 
followed by a geologic folio and an economic bulletin for the two 
quadrangles, in which more detailed consideration will be given not 
only to oil and gas, but also to the general geology of the region, 
including coal and other mineral resources. 

The many courtesies extended by the residents of the region dur- 
ing the work are gratefully acknowledged. Thanks are due in par- 
ticular to the ofiicers of the Carter Oil Co., Pure Oil Co., and Ohio 
Fuel Supply Co., and to numerous others who furnished maps, well 
records, and other information necessary to the successful comple- 
tion of the work. The accompanying farm map (PI. XXII, in 
pocket) was compiled from data furnished by the county engineers. 
It is somewhat inaccurate in places owing to the conditions of the 
surveys and county records, which are subject to error, especially 
in Noble County. 

98867°— Bull. 621—16 15 217 
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OEOORAPHT. 



Location. — ^The Smmnerfield quadrangle (PL XXm, in pocket) 
includes parts of Guernsey, Noble, and Monroe counties, in south- 
eastern Ohio. Its position and extent are represented in figure 13, 
which also shows other areas in southeastern Ohio and adjacent por- 
tions of West Virginia and PennsylYania for which similar reports 
have been prepared. 

Transporiaiion facilities. — ^The Smmnerfield quadran^e is crossed 
in an east-west direction by two railroads, the Baltimore & Ohio in 




FiouitE 13.— Index map showing location of Summcrfldd and Woodsfidd qoadranglea, Ohio (Nos. 1 and 
2, heavily shaded), and the names and positions of other quadrangles for which structural maps have 
been prepared (ll^t shading). 3, Flushing; 4, Cadis; 5, SteubcnviUe; 6, Claysville; 7, Burgettstown: 
8, Carnegie; 9, Beaver; 10, Bewiddey; 11, Amity; 12, Rogersville; 13, Wayneshurg; 14, Wooster; 15, 
Foxburg; le. Clarion; 17, Kittannlng; 18, Rural Valley; 19, Elders Ridge; 20, Latrobe; 21, Brownsvfllf; 
22, CooneUsville; 23, Masontown; 24, Unkntown. 

the northern portion and the Ohio River & Western in the southern 
portion. The latter is a narrow-gage line that follows a circuitous 
route over hills and valleys, with numerous steep grades. The 
principal villages in the quadrangle are Sarahsville, Smmnerfield, 
Quaker City, Salesville, Lore Gty, and Senecaville. The last named 
is a mining town within the great Cambridge coal field. The Upper 
Freeport coal is reached by shafts here and at numerous points to 
the west. Higher coal beds cropping out in the southeastern part of 
the quadrangle furnish a convenient source of fuel for the fanners. 

Drainage and relief. — ^The small areas in the southern part of the 
quadrangle are drained by Clear Fork of Muskingum River and 
branches of Duck Creek. These waters foUow a rather direct route 
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southward to the Ohio. The greater part of the quadrangle is 
drained by nortliwestward-flowing branches of Wills Creek, a tribu- 
tary of Tuscarawas River. They are sluggish, muddy streams fol- 
lowing winding courses in abnormally broad valleys of low gradient. 
The headwaters divide the hills into numerous parallel ridges of 
moderate relief, as a rule not more than 350 feet in any one vicinitj 
and only about 480 feet for the entire area. 

GBOLOOT. 

STRATIGBAPHT. 

GENERAL SECTION. 

The rocks at the surface in the Summerfield quadrangle are included 
in the Conemaugh and Monongahela formations of the Pennsylvar 
nian series (''Coal Measures") and the Washington formation of the 
Dunkard ("Upper Barren'') group of the Permian series. Forma- 
tions below the surface to a depth of 2,000 feet are known through 
drill records, which show that as to sequence and general composi- 
tion they agree rather closely with beds that crop out farther west. 
The dip or slope of the beds is in general southeastward, but there are 
numerous local variations in the direction and steepness of inclina- 
tion. These structural features are represented on the accompany- 
ing map aoid are described under the heading *' Structure." 

The stratigraphy of eastern Ohio has been discussed in detail in 
previous reports, and only a brief outline is needed here. The sev- 
eral formations represented, with their approximate thicknesses, are 
listed below. The classification of the beds below the surface is that 
in use by the Geological Survey of Ohio. 

General section offormationB in etutem Ohio. 

Permian eerieB: F«t 

Washington formation (''Upper Barren") 400i: 

Pemwylvanian series (''Goal Measures"): 

Monongahela formation ("Upper Productive ") 25&-275 

Conemaugh formation (" Lower Barren " ) 460-475 

Allegheny formation ("Lower Productive ") 250-266 

Pottsviile formation 155-170 

Unconformity. 

Mississippian series: 

Mazville limestone (Big lime) 0-90 

Unconformity. 

Logan formation (includes Keener sand) 

Black Hand formation (includes Big Injun sand) 

Cuyahoga shale V60O-700 

Sunbury shale 

Berea sandstone 

Bedford shale 
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The Washington formation consists largely of sandstone and day 
in which reddish or brownish colors predominate, but it also contains 
thin coal beds and limestone. Rocks of this fonnation occupy the 
hiUtops in the southeastern part of the area. 

The Monongahela formation contains the Pittsburgh, Meig^ Creek, 
and other workable coal beds. These are interbedded with sandr 
shale, day, numerous layers of limestone, and a few nonpeisistent 
sandstones. 

The Conemaugh formation contains a few coal beds of little eco- 
nomic importance in this region and several persistent beds of lime- 
stone. It is for the most part made up of shale and irregular, local- 
ized sandstone lenses interlain with day, which is commonly of a 
reddish-brown color. 

The Allegheny formation is the great coal-bearing fonnation in 
the northern Appalachian coal basin. In eastern Ohio, although only 
a little more than 250 feet thick, it includes niunerous coal and clay 
beds of great economic importance. The Allegheny and lower 
formations are not exposed within the Summerfield quadrangle. 
Their sequence is illustrated by well records and by the general 
section (fig. 15). The thickness of the strata exposed within the 
Summerfield quadrangle is a Uttle less than 800 feet. The lowest 
beds appear at the surface along the valleys in the extreme north- 
western part of the area and are overlapped southeastward by suc- 
cessively higher and higher beds. The strata below the surface are 
known through their outcrop elsewhere and through information 
furnished by the driller. 

BOCKS EXPOSED. 

The Upper Freeport coal, constituting the uppermost member of 
the Allegheny formation, lies in the floor of Leatherwood Valley west 
of Lore City and is mined at Blacktop, Elondyke, and other places 
to the west and southwest. Over the coal is the Mahoning sand- 
stone, which is wefl known among oil men on account of its yield 
of oil at Lore City and other places to the south. This sandstone 
may be seen in outcrop along the valley about a mile west of Black- 
top. The Upper Freeport coal and higher strata are represented in 
the generalized section forming figure 14. Seveiral beds in this 
section are especially useful as key rocks to the geologist because of 
their persistence and easy identification. Some limestone beds that 
are present throughout the area are in places more satisfactory for 
use in the mapping of structure than the coals. The more promi- 
nent limestones are described briefly. 

The Cambridge limestone crops out along valleys in the vicinity of 
Senecaville and Lore City. Its position is about 155 feet above the 
Upper Freeport coal. It is a dark-gray, smooth-textiu'ed fossiliferous 
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bed easily distinguished from the i 
other limestones. In numerous 
places it does not appear as a con- 
tinuous layer but rather as nod- 
ules embedded in clay, and in 
such places the outcrop is not 
easily discovered. 

The Ames limestone crops out 
over the northwestern part of the 
Summerfield quadrangle. It is 
about 110 feet above the Cam- 
bridge limestone and 160 to 195 
feet below the Pittsbui^h coal. 
It has a granular texture, is highly 
fossiliferous, and assumes a green- 
ish-gray to rusty-brown surface on 
weathering. The freshly broken 
rock b greenish and shows cleav- 
age faces of calcite, cross sections 
of crinoid stems, to which is due 
tlicgranular texture. From 15 to 
20 feet above the Ames and a like 
distance below it are somewhat 
similar but less persistent lime- 
stone beds, and care is required not 
to confuse these with the Ames. 

About 25 feet below the Pitts- 
bui^h coal is an important lime- 
stone member to which the name 
"Summerfield" was apphed by 
the writer in 1912,' but which, 
being r^arded as the same as the 
Lower Pittsburgh limestone mem- 
ber of the Conemaugh in Pennsyl- 
vania, is here designated by the 
older name Lower Pittsburgh. 
This rock has a characteristic 
roughened, lumpy surface that 
serves to differentiate it from 
other beds. Marine fossils are 
lacking in this limestone and all 
rocks higher in the geologic col- 
umn in eastern Ohio. 

About 25 feet above the Pitts- 
but^h coal is a thin layer of dark 

> Candit, I>. 1>., Ohio Cud. Survajr Bull. 17, p. ZJ. I«I3. 
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shale and limestone which apparently lies at the horizcm of the 
Pomeroy coal. This bed and a limestone miderlying the Lower 
Meigs <>eek coal are both excellent structural keys. 

The Meigs Creek (Sewickley of Pennsylyania) and Pittsburgh are 
the only important coal beds cropping out in the area. The Pitts- 
burgh coal, which is so valuable to the east in Belmont County, is 
present over only a few square miles in the northeast comer of the 
Summerfield quadrangle. It is mined in the hills at Salesville and 
Quaker City, but to the southwest, where it is geologically due, only 
black clay or shale marks its place. The' Meigs Creek coal is an im- 
portant source of fuel in the hills .north of Batesville and west of 
Summerfield, but is not present in workable thickness east of Sum- 
merfield- or to the north in the vicinity of Calais. 

In obtaining elevations on the several beds described above many 
measurements of the intervals between the beds were made. They 
were found to vary considerably from place to place. The interval 
between the Lower Pittsburgh limestone and Meigs Creek coal ranges 
from 118 to 140 feet where measured at six places in leaver Town- 
ship, Noble County, and the interval between the Ames limestone 
and Pittsbui^h coal ranges from 160 feet to about 200 feet in the 
quadrangle. 

BOCKS PENETRATED BY THE DBILL. 



Rocks not exposed in the area but known through drilling and 
outcrops elsewhere are, in descending order, the Allegheny and 
Pottsville formations, of the Pennsylvanian series, and the Maxville 
limestone and imderlying formations, of the Mississippian series. 
Their sequence is represented by several well records, given below. 
The numbers assigned to the wells correspond to numbers used on 
Plate XXn. 

Log of well No, S9 (No. 1 on WiUiam Secresifarm), Senecaville. 



Sand and gravel 

Cambridge limestone. . . 

Shale, light red 

Slate 

Sand 

Coal marker 

Fireclay 

Sand 

Coal [Lower FreeportT). 
Fireclay 



Thldk- 
neas. 



Feet. 
18 
4 

38 
40 
69 



ao 

27 
2 
3 



Depth. 



Feet. 

0-18 

18-22 

22-60 

60-100 

100-160 

169 

169-189 

189-216 

215-218 

218-221 



Sand, bloe, limy 

Shale 

Slate 

Coal [Lower KittanningT] 

Fireclay 

Sand, dark 

Fireclay 

Sand, show of oil 

Fire clay. 



Thick- 
ness. 



Feet. 
6 
13 
18 
1 
1 
5 
6 
4 



I>epth. 



Feet. 
221-237 
237-250 
25a-2Sv 

2G»-270 
270-273 
275-2S1 
281-2SS 
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Log o/wdl No, li6 (No. t on Silas McLaughlin farm) , $ee, 19, Seneca ToumeMpf Noble 

County. 



AmttUmMtone 

Bhato 

SttDd 

FlreclaV, had otnt (reoonl in- 
oompbte). 

Send.:.-... 

Firechy 

Saod 

Shale 

Goal marker 

Sand, show of gas 

Sliale 



Thick. 



Fed. 
Z 
57 
56 



65 

10 
10 
16 



02 
46 



Depth. 



Feet. 
45-18 
48-105 
105-100 



275-890 
830-340 
840-350 
850-365 
868 
86&-O0 
430-175 



Sand (reoofd incomplete). 

Send 

Shale 

Sand 

Shale 

Sand, Keener (show of oil at 

878 i^t) 

Shale 

Sand, Big liojon 

Shale 

Bereasand (oil at 1,432 feet). 
Total depth 



ThiQk- 



Feet. 

20 

100 

20 

47 

143 
15 
10 

891 



Depth. 



Feet. 

660-700 
700-800 
800-820 
820^7 

867-1,010 
1,010-1,025 
1,025-1,035 
1,035-1,426 

1,436 



Log ofioell No. 5S5 {No. 1 on M. A. Raderfarm), near SMmmerfield. 



Coal, Mapletewn or ICeigs 

Creek ;.... 

Coal [Lower FreeportT] 

Coal [Middle KlttannhigTl. . . 

Stray sand 

Sehrammsand 

Big lime 

Keener sand. 



Thkk- 


Depth. 


Fett. 


Feet. 


4 

4 

4 

. 15 

40 

25 

12 


0-4 
722-726 
771-776 
775-790 
835-875 
g60^»5 
1,070-1,082 



Big InJun sand, white. 
Big InJun sand, black. 
Big Injun sand, white. 

Lime and shale 

Slate and lime 

Berea sand (gas) 

Total depth 




Depth. 



Feet. 
1,090-1,115 
1,115-1,160 
1,160-1,283 
1,307-1,571 
1,571-1,626 
1,660 
1,676 



OIL AND QAS SANDS. 

Few other oil fields have as many producing sands as are found 
in southern Noble County and the ad j accent portion of Washington 
County, to 'the south, there being at least ten sands that are produ(>- 
tive at one placse or another in this area. However, many of these 
have proved of little importance, and the principal sands in the 
Summerfield quadrangle are only five in number. These, named 
in ascending order, are the Berea, Big Injun, Keener, Big Ume, and 
Buell Run sands. The chief objective sand in the search for oil in 
this quadrangle is the Berea, well known from exposures at Cleveland, 
Ohio. A few wells have been drilled deeper than the Berea sand; 
these, with two exceptions, prove that the Berea is underlain by a 
great thickness of shale practically devoid of oil-bearing sands in 
eastern Ohio. The Clinton sand, which yields much oil and gas in 
the central and northeastern parts of the State, Ues at least 3,000 
feet below the Berea sand, if present in this area. 

Names are applied by oil men to nearly every sand penetrated in 
drilling, and these sands, together with the associated coals and 
limestones, are represented in figure 15. The oil men are far from 
consistent in their use of several of the names applied in the section. 
For example, the term Second Cow Run is applied to almost any 



224 CONTBIBUTIONS TO ECONOMIC GEOLOGY, 1915, PABT U. 



Feet 



veoo - 




1500 - 




1.400 - 


;•::■:::?:;?•••::::. 






^300 - 






:::{?::::•.:. _ 




■•••.•.•/.•.:*;:wii:ti; 


1,200 - 




1,100 - 








1,000 - 






300 - 


•■'•••••■•••••••■a 

• •«•••■ •••■••■••• • 


eoo - 


*•••■••••«•••• ■■■•> 


700 A 






r::; r: :;•.: :;: ct;:;;! 


600 - 


S5;:'-;!Mi^ni)ii; 




35few ^ 




iM/f^f i^iy •::::: 










500 - 


•:*.■.::•':■..'..•.... 




••«»■■•••■•■••• >■• 


400 - 




300 - 




200 - 




100 - 










, . 


ft _ 


IT" _7^~^ ~" ^ ^JZ". ' ~~ ", 


D " 





Meigs Creek or 
Mlpletown coel 



Pittsburg coal 

LoKMer Pittsburgh 
liinestorM fnember 



IS 



cE 



Anies(&rinoidaO 
limestone member 



First Com Run sand 
Cambridge iimestx)ne 
member 

Buell Run sand 



Mahoning sandstone 

member 
Upper Freepor t coal 
Peeker sand 

Lower Freeport coel 
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- Berea sand 



FIOURK 16.— Oenerallnd geologic section showliig 
oil sands of Summerficld quadrangle, Ohio. 



sand 100 to 500 feet below the First 
Cow Run. Names applied to the 
sands in the Siunmerfield quad- 
rangle are in part derived from the 
Macksburg and other pools in 
Washington Coimty, Ohio, and in 
part from localities in western 
Pennsylvania and northern West 
Virginia. The same sand may be 
designated by several names in dif- 
ferent localities. The confusion of 
terms is to be expected, for none 
of the sands maintain a uniform 
thickness over any considerable 
area, and in not a few places sev- 
eral of them are f oimd combined 
into one great mass of sandstone. 
Locally, the sands are "broken" 
into a series of alternating beds of 
shale and sandstone or are even 
entirely missing and only ''shells*' 
are recorded in their places. 

No large oil pools have been dis- 
covered in the Summerfield quad- 
rangle, but a considerable area still 
remains imtested. The principal 
production is limited' to three 
fields — one at Chaseville, when* 
there are several dozen small oil 
and gas wells; a second, the Smith 
pool, in the Buell Run sand, near 
the southwest comer of the quad- 
rangle; and the third in the vicin- 
ity of Simimerfield, where one of 
the most valuable and enduring 
gas fields yet found in the Bere^i 
has been developed. 

The Berea sand is probably tin* 
most important source of oil anti 
gas in southeastern Ohio. It t 
the principal productive sand in 
the great Scio pool, in Harrisor 
County; the Macksburg pool, ii. 
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Washington County; and the "Grit" pool at Woodsfield, Monroe 
County. The position of the Berea is about 1,375 feet below the 
Ames or "Crinoidal" limestone at Chaseville, and 1,550 feet below 
the base of the Pittsburgh or No. 8 coal at Quaker City. At Sum- 
merfield it is about 1,665 feet below the Meigs Creek or No. 9 coal 
(Mapletown). The distance of the Berea below the beds near the 
surface is far from uniform, varying as much as 80 feet in the Sum- 
merfield quadrangle and several hundred feet in other quadrangles. 
The correction in the mapping of the Berea necessary because of 
this variation in interval is described on page 227. 

The Berea varies considerably in thickness, being at most 48 feet, 
as found in the Chaseville field, and diminbhing to less than 10 feet 
near Salesville. In texture also the sand varies widely from place to 
place, being locally so shaly and fine grained that it is recorded as 
"shells" or *'no sand" by the driller. Elsewhere it may contain 
several feet of gray to white fine-grained sand which is known as the 
"pay." Some wells pass through several of these porous layers 
interbedded with dense impervious layers. The position of the pay 
sand varies, being near the top of the formation at Summerfield 
and near the bottom at Chaseville. Immediately above the Berea 
sandstone is the black Simbiuy shale, which is persistent throughout 
eastern Ohio and which serves the driller as a notice of the nearness 
of the Berea sand. 

The Big Injun sand is, in general, coarser textured than the Berea 
and commonly contains quantities of salt water, which not infre- 
quently brings to an imtimely end the yield of gas and oil found 
within the sand. The sand is the source of a small quantity of oil 
at Brister, 3 miles east of Summerfield, and yields gas at several 
points near Summerfield and at Chaseville. It has generally one or 
more shale *' breaks" but in some wells is recorded as a continuous 
bed 200 feet thick, though here and there it is almost entirely re- 
placed by shale. This great diversity is not peculiar to the Big 
Injun but is characteristic of all sands ia the area, especially those in 
the *^Coal Measures." 

The Keener sand is generally separated from the imderlying Big 
Injun by shale and is closely overlain by the Big lime. It supports 
a few oil wells in the Chaseville pool but is far less productive than 
ia the Woodsfield quadrangle, to the east, where it is the principal 
sand in a number of oil fields. 

The Big lime is apparently missing at Chaseville but is recorded 
in a well recently completed near Sarahsville. Where present it 
ranges in thickness from a few feet to nearly 100 feet. Its absence 
in places is attributed to erosion which took place in Carboniferous 
time subsequent to the deposition of the limestone, and the ujieven 
upper surface thus produced is evident in numerous outcrops in 
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central and southern Ohio. The Big lime is of little value as a 
source of oil and gas in this area, only small quantities of either 
having been found in a few wells in the southeastern part of the 
quadrangle. Farther east at Lewisville and several other localities 
in Monroe CJounty and southern Belmont County it has yielded large 
quantities of oil and gas. The oil occurs in layers of. quartz sand 
which are interbedded with shaly limestone. 

Several small pools of oil have been found in comparatively shallow 
sands in the southwestern part of the Summeifield quadrangle. 
Among these are sands known as the Second Cow Run, Macksbuig 
500-foot, Peeker, and Buell Run. Of these the most productive is 
probably the Buell Run. Their positions are represented in the 
diagram (fig. 15). Below is given a section of a well in the Buell 
Rim sand at Low Gap, Enoch Township. From the position of the 
Buell Run sand it evidently lies between the Cambridge limestone 
and the Mahoning sandstone of the general section (fig. 14, p. 221) 
and is probably the Buffalo sandstone of geologists. 

Log ofwdl No. 599 (No, 4onE.W. Wickhamfarm), see, SS, Enoch TownMp. 



Coftl,ICapletowii (MeigsCreek). 

Bedrock. •••• 

Lime with gas (140-root samd) . 



Thick- 



FuL 

5 

105 



Depth. 



Feet, 
25-30 
aOO-305 
366 



BnellRtme^iid. 
Pay sand (oil).. 



Thick- 



Ful. 
43 



Dcptlft. 



363--418 
418 



-- -- 



The Mahoning sandstone is saturated with oil at many points near 
Senecaville and Lore City, and this oil is even so plentiful as to be a 
nuisance in some of the mines in the underlying Upper Freeport coal. 
It is interesting to note that some of the shallow sands support valu- 
able oil wells at points less than 3 miles from their outcrops. Several 
wells near Britten station, a little beyond the southwest edge of the 
quadrangle, have for more than 40 years yielded oil from a sand that 
is probably the Buell Run. The depth of these wells is less than 
100 feet, and the productive sand may be seen in outcrop a few 
miles north of the town of Caldwell. 

STBXJCTUBE. 



PBEVAIUNO DIP. 

The prevailing direction of slope or dip of the rocks in eastern 
Ohio is southeastward. The region forms the west side of a broad, 
shallow basin which constitutes the Appalachian coal field. The 
slopes of this basin are far from miiform and are traversed by nu- 
meroiis minor wrinkles that form anticlines and synclines. These are 
very insignificant when the basin is considered as a whole, but their 
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influence in the accumulation of petroleum and natural gas has long 
been known, and for this reason accurate mapping of them is of 
importance to the oil operator. 

PREPARATION OF STRUOTCRAL MAP. 

There are several methods of preparing structural maps of oil sands. 
Where an area has been extensively drilled and the sands recorded 
are easily recognizable, it is necessary only to determine the eleva- 
tions of a large number of well heads from which, if the depth of the 
oil sand beneath each well head is known, the lay or attitude of the 
sand can be determined. Another method, employed in this investi- 
gation, is to obtain a large number of elevations on some persistent 
outcropping stratum, such as a coal or limestone. The region under 
discussion is favored with a number of excellent key beds, which can 
be used together for this purpose. The intervals between the several 
beds do not vary greatly from place to place, and all lie nearly 
parallel to the shallow oil sands. 

In preparing the map of the Berea sand that accompanies this re- 
port elevations were determined on about 1,000 outcrops. The 
instrument used was the Gale telescopic alidade, and bench marks 
of the United States Geological Survey were used as starting points 
for the traverses. The resulting elevations of the several key beds 
were then reduced to one datum, the Pittsburgh coal, by the addi- 
tion or subtraction of the appropriate interval for each bed. With 
the elevation of the Pittsbuigh coal thus determined throughout the 
area the position of the upper surface of the Berea sand at each 
point was calculated. Unfortunately, the undulations and flexures 
of the Berea sand do not exactly coincide with those of the Pitts- 
buigh coal and other strata near the surface, and this discrepancy 
necessitates a correction. The refinement with which this correction 
can be made depends upon the number of well records available. 
The total variation in the Pittsbiugh-Berea interval for the entire 
Summerfield quadrangle is about 80 feet. The change is not constant 
in any one direction and varies rather abruptly over small areas, and 
for this reason the correction can be appUed with precision only in 
areas where many well records are available. In some portions of 
the quadrangle the wells are several miles apart, and it is probable 
that between these wells many local variations in the interval exist 
for which no correction can at present be made. The interval, as 
shown in all wells of which correct records are obtained, is recorded 
on a drawing known as the convergence sheet, which is described in 
an earlier report of the Survey.* The drawing indicates the amoimt 

1 QriBwold» W. T., and Mtmn, M. J., 0«ology of oil and gaa flelda In Stmibenvllle, Borgettstown, and 
Cbysville quadranstos, Ohio, WoBt Virginia, and Pennsylvania; U. 8. Oeol. 8iirv«y Bull. 318, pp. 23-a4, 
»-113,igo7. 
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to be subtracted from each elevation of the key bed (Pittsburgh coal) 
in order to determine the position of the Berea at any point in the 
area. This amount in the Summerfield quadrangle is greater than 
the elevation of the Pittsburgh coal, showing the Berea to be con- 
siderably below sea level. In order to avoid using the minus sign 
in numbering the contours of the oil sand, 2,000 feet is added to 
each elevation of the key bed. This is equivalent to assimiing a 
datimi plane 2,000 feet below sea level for the map of the oil sand. 
After subtracting from each elevation of the key bed plus 2,000 feet 
the appropriate number, as shown by the convergence sheet, contour 
lines connecting points of equal elevation are drawn at 10-foot 
intervals. The resulting contour map, a representation of the lay or 
attitude of the upper surface of the Berea sand, is given on Plate 
XXII. On this map are shown all wells drilled up to the date of 
completion of the report. The locations of many coal test holes are 
also represented. All wells drilled to the Berea are represented in 
Ted. WeUs drilled to shallower sands are represented in black, the 
appropriate abbreviation being used for the sand where known. 

SALIENT STRUCTURAL FEATURES. 

The structural contour map shows the Berea sand to lie at 1,690 
feet above the assumed datum plane, or 310 feet below sea level, in the 
northwest comer of the area and at 1 ,220 feet (780 feet below sea level) 
in the southeast comer. This indicates a drop of 470 feet south- 
eastward across the quadrangle. From the map it will be seen that 
the dip is not uniform in direction or magnitude, there being places 
where the rocks Ue nearly flat for a mile and abruptly drop 50 feet 
or more in the succeeding mile, thus producing terraoe-like struc- 
tures. The general southeastward direction of dip is varied by minor 
flexures that extend across the faces of the terraces, producing down- 
folded embayments, which alternate with promontory-like benches, 
such as those 2 miles southwest of the village of Summerfield. 

The principal anticlinal fold of the area extends through Chaso- 
ville in a northeasterly direction. This fold is bordered on the north- 
west by a shall(Tw synclinal depression and on the southeast by a com- 
paratively steep slope for a distance of about 2 miles. In the Chase- 
ville oil and gas field it assumes the form of a dome, but toward the 
northeast it becomes less prominent. Another anticlinal fold ex- 
tends southward from Quaker City to the vicinity of Summerfield and 
is paralleled on the west by a synclinal trough. East of Quaker City, 
at the edge of the quadrangle, is a shallow syncline, succeeded in turn 
by another anticline along which Ues the Bamesville oil and gas field. 
The major anticlinal and synclinal folds are varied by numerous 
minor cross flexures, which produce the anticlinal ''noses'* and 
embayments already described. 
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RELATION OF STBUCTUBE TO AOGUHULATION OF OIL AND OAS. 

The ooourrenoe of oil and gas pools along the crests or slopes of 
anticlines has been demonstrated at so many places during the 40 
years since the introduction of the anticlinal theory that no one can 
fail to recognize the importance of these structures in oil accumular- 
tion. An excellent illustration is furnished in the Chaseville oil and 
gas field, in the western part of the Summerfield quadrangle, where 
the gas occupies the high portion of the anticlinal dome and is flanked 
by an oil-producing belt a little lower on the slope. The conditions 
there indicate a fairly open-textured sand, which permitted the circu- 
lation of water currents. It is conceivable that the oil particles were 
gathered from the steep slopes to the southeast and carried upward 
and united into the body of oil along the narrow terrace indicated by 
the contours. The Berea oil sand is regarded by the writer as 
probably saturated ¥rith salt water throughout the area, and while 
the oil and gas particles are in circulation they are buoyed up by the 
water and tend to accumulate near the crests of arches. Thus it 
would appear that Chaseville furnishes an example of the simplest 
appUcation of the anticlinal theory, where the oil sand is fairly 
open-textured, saturated with salt water, and bent into an anti- 
clinal arch. A study of other oil and gas pools indicates that this 
combination of ideal conditions is not usual &nd that there are 
numerous modifying influences which must be considered. For 
example, well-defined anticlines are far from plentiful in southeastern 
Ohio, and more commonly the arches are merely promontory-like 
'^ noses," such as that in the extreme southeast comer of the Sum- 
merfield quadrangle. Another modifying factor is the condition of 
the sand. The Berea is not made up of a single sheet of open- 
textured sand readily permeable by water but consists for the most 
part of hard, compact, fine-textured '*lime" or ''shells'' with local- 
ized beds of "pay" sand of lenticular shape and only a few feet thick. 
Such is the condition in the Summerfield gas pool, where the pay sand 
is compact and of variable thickness, and the pool is bordered on the 
south by several "dry holes," in which "no sand" is reported by the 
drillers. The limited extent of the lenticular pay sand has prevented 
the migration of the gas up the slope to a location structurally more 
promising, and it is retained on the flank of a shallow synclinal 
embayment. 

The quantity of salt water yielded by wells in this field, though 
very slight, is not believed by the writer to indicate incomplete satura- 
tion, but rather to show that the rock is so fine in texture that it holds 
the water, even though it rises in the rock as the gas is exhausted. 

The water conditions in the Big Injun and other shallow sands are 
decidedly different from those in the Berea. In many wells the water 
flows from the sand into the hole and rises within a few hundred feet 
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of the surface, and the flow is so great that it can not be redaced by 
bailing. Oil weUs found in these sands are commonly brought to 
an untimely end by being "drowned out." 

SBARCH FOR NEW POOIjS. 

The study of the Berea oil sand in the Summerfield and other 
quadrangles of southeastern Ohio forces the conclusion that condi- 
tions of oil accumulation are controlled by so many intangible 
factors that no one can with certainty predict the location of oil poob 
in advance of drilling. The structural map, even though made most 
carefully, may not accurately represent the siu^ace of the Berea 
sand in a country that has been little drilled, owing to the variable 
distance of the Berea below beds that lie near the surface. Further- 
more, it does not follow that oil or gas will be found in even the 
location structurally most favorable, for the reason that the accumu- 
lation in pools is controlled by many factors, such as the trend, 
extent, and texture of a lens of pay sand and its degree of saturation 
with salt water. It is noteworthy, however, that even in a sand 
such as the Berea most of the pools closely follow the strike of the 
rock or in other words extend parallel to the structural contoiu^. 
The utility of the structural map in predicting the extension of 
pools after the first successful wildcat well is drilled is thus at once 
evident. In addition the driller will be able to determine in which 
direction the next location should be made in order to &ad the oil 
sand at a higher point after a well showing oil and considerable salt 
water has been drilled. 

In selecting territory favorable for prospecting in the Berea no points 
in the south third of the quadrangle can be r^arded as promising on 
accoimt of the poor condition of that sand as reported in niunerous 
test holes. This is especially true in the vicinity of Sarahsville and 
the region south of Summerfield. It is probable that many gas welb 
will yet be drilled in the Simunerfield pool, especiaUy at the northeast 
end, but the finding of any considerable accumulation of oil seems 
improbable. 

In the vicinity of Kennonsburg there is a large imtested area. 
It lies along the southeast slope of the Chaseville anticline, and to 
the east the rocks drop about 100 feet in a distance of 2 miles. The 
terrace on the west side of the village and also to the northeast, 
along the 1 ,600-f oot contour, would seem favorable territory for pros- 
pecting. There is also a possibility of finding oil or gas along the 
crest of the axis 3 miles due east of Senecaville. Territory almost 
equally favorable lies a little east of the syncline in Beaver Township, 
along the valley of Beaver Creek 1 to 2 miles west of BatesviUe. 

Extensions of the Chaseville oil pool along the strike will probably 
be made. The chances of finding a valuable accumulation of oil 
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on the northwefit side of the anticlinal axis seem slight, for the 
reason that the anticline is paralleled by a' shallow syncline that 
fumiflhes only a small gathering area from which the oil could be 
collected. 

Since the preparation of this report a gas well in the Berea sand 
has been drilled IJ miles northeast of Mount Ephraim. Another 
discovery is a gas well near Sarahsvillei reported to be in the Gordon 
sand. This is of interest, but probably not of great importance, as 
this is the second place in eastern Ohio where gas has been obtained 
from the Gordon. The other place is at Macksbuig, in Washington 
County. 

A structural map prepared for the shallow sands shows that the 
small pools in the southern part of the quadrangle are intimately 
related to troughlike folds, although this is not so evident on the map 
of the Berea sand. This map can not be included here but will 
appear in a report now in preparation, in which detailed attention 
will be given to the oil fields and also to coal and other mineral 
resources in the Summerfield quadrangle. 

QUAMTY OF THE OIL. 

The oils of this region are shown by analyses to be of the best 

Pennsylvania grade, ranging from 36° to 50° Baum6 in gravity and 

from light amber to dark green in color. Asphalt and sulphur are 

lacking, and the percentage of paraffin ranges from 2.5 to more than 

10. A number of analyses have been published by the United States 

Greological Survey.* 

PUBLICATIONS. 

The United States Greological Sm-vey has published the following 
bulletins concerning oil and gas fields in eastern Ohio and adjacent 
parts of West Virginia and Pennsylvania: 

198. The Berea grit sand in the Cadiz quadrangle, Ohio, by W. T. Griswold. 1902. 

43 pp., 1 pi. 
286. Economic geology of the Beaver quadrangle (southern Beaver and northern 

Allegheny counties), Pa., by L. H. Woolsey. 1906. 132 pp., 8 pis. 
318. Geology of oil and gas fields in Steubenville, Burgettstown, and Claysville quad- 
rangles, Ohio, West Viiginia, and Pennsylvania, by W. T. Griswold and 

M. J. Munn. 1907. 196 pp., 13 pis. 
346. Structure of the Berea oil sand in the Flushing quadrangle, Harrison, Belmont, 

and Guernsey counties, Ohio, by W. T. Griswold. 1908. 30 pp., 2 pis. 
456. Oil and gas fields of the Carnegie quadrangle, Pennsylvania, by M. J. Munn. 

1911. 99 pp., 5 pis. 
541-A. Oil and gas in the northern part of the Cadiz quadrangle, Ohio, by D. D 

Condit. 1913. 9 pp., 1 pi. 
621-H. Anticlines in the Clinton sand near Wooster, Wayne County, Ohio, by C. A. 

Bonine. 1915. 11 pp., 1 pi. 



> U. 8. Oeol. Borvey Mineral Resources, 1913, pt. 2, pp. 1212-1217, 1914. 



STRUCTURE OF THE BEREA OIL SAND IN THE WOODS- 
FIELD QUADRANGLE, BELMONT, MONROE, NOBLE, AND 
GUERNSEY COUNTIES, OHIO. 



By D. Dale Condit, 



INTRODUCTION. 

The information set forth in this report is the result of four months 
of field work during the season of 1914, during which the writer was 
assisted by R. V. A. Mills and Frank Reeves. A detailed geologic 
investigation was made of the mineral resources of the Woodsfield 
quadrangle and of the Summer field quadrangle, adjoining it on the 
west. In this report are given briefly the more important features 
pertaining to the geology of the oil and gas fields of the Woodsfield 
quadrangle. A similar report has been prepared for the Summerfield 
quadrangle. These preliminary papers are to be followed by a bulletin 
in which the geology of the oil and gas fields will be considered in 
greater detail and in which attention will also be given to coals and 
other mineral resources. 

It is desired to express the thanks of the field party to the residents 
of the region for many courtesies, and to the oil drillers and operators 
for their cooperation. Special thanks are due to the officials of the 
Carter Oil Co. and the Pure Oil Co., to Mr. J. W. Hardwick, of 
the Ohio Fuel Supply Co., and to others who furnished maps and 
Well records. 

GEOGRAPHY. 

The Woodsfield quadrangle is situated in southeastern Ohio and 
includes parts of Belmont, Monroe, Noble, and Guernsey counties. 
The location and extent of the area is represented in figure 13, which 
also shows other areas in southeastern Ohio and adjacent parts of 
Pennsylvania and West Virginia for which structural maps of the 
oil sands have been prepared. The Woodsfield quadrangle is ad- 
joined on the north by the Flushing quadrangle, the structure of 
which is described in Bulletin 346 of the United States Geological 
> Survey. 

The principal towns in the area are Bamesville, in the northwest 
comer of the quadrangle, on the Baltimore & Ohio Railroad, and 

98867«~Bull. 621—16 16 233 
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Woodsfield, near the south edge of the quadrangle, on the Ohio Siver 
& Western Railroad, a narrow-gage line which follows a devious route 
from Bellaire, on Ohio River, westward to Zanesville. The popula- 
tion of Woodsfield, according to the census for 1910, was 2,502, and 
that of Bamesville 4,233. Smaller villages are Beallsville, Jerusalem, 
Ozark, and Lewisville, which are along the narrow-gage 'railroad, 
and Miltonsburg, Malaga, Somerton, and Temperanceville, which 
are 3 to 6 miles from any railroad. All but the southwest quarter 
of the quadrangle is underlain by the Pittsburgh coal in workable 
thickness, and the time is not remote when this coal will be the basis 
for an extensive mining industry. The only shipping mine now in 
operation is at Baileys Mills, on the Baltimore & Ohio Railroad, 3 
miles southwest of Bamesville. 

The highlands dividing eastward-flowing tributaries of Ohio River 
from westward-flowing branches of Tuscarawas River extend in a 
north-south direction across the western part of the quadrangle. 
Captina and Sunfish creeks, the principal streams, occupy deep, nar- 
row valleys equal in bold ruggedness to any others in the State. 
The local relief from the valley floor of Sunfish Creek to neighboring 
hilltops ranges from 400 to 600 feet, and the maximum relief for the 
entire quadrangle is about 700 feet. The greatest altitude is 1,420 
feet, on a hilltop li miles northwest of Miltonsburg, and the least 
is found along the valley of Sunfish Creek, being only slightly more 
than 700 feet near the southeast corner of the area. 

GEOLOGY. 

STBATIGBAPHY. 

The rocks at the surface in the Woodsfield quadrangle are of Penn- 
sylvanian ("Coal Measures") and Permian age and include in as- 
cending order the Conemaugh, Monongahela, and Washington for- 
mations as classified by geologists. The dip or slope of the beds is in 
general southeastward; therefore higher and higher strata are 
crossed when one travels in that direction. The direction and degree 
of the inclination of the strata have an important bearing on the 
location of oil pools, and these features are described under the head- 
ing " Structure " (pp. 243-247) . 

GENERAL SECTION. 

The stratigraphy of eastern Ohio has been discussed in previous 
reports, and only a brief outline is needed here. The several forma- 
tions represented, with their approximate thicknesses, are listed be- 
low. The classification given for the Mississippian rocks is the one 
introduced by Ohio geologists for these beds where they crop out in 
the central part of the State. 
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General section of formations in cantcni Ohio. 

Permian series: Feet. 

Washington formation ("Upper Barren") 400d: 

Pennsylvanlan series (** Coal Measures **) : 

Monongahela formation (" Upper Productive") 255-275 

Conemaugh formation ( " Ix)wer Barren ") 400-475 

Allegheny formation ("Lower Productive") 250-265 

Pottsvllle formation 155-170 

Unconformity. 

Mlsslsslpplan series : 

Marvllle limestone (Big lime) 0-110 

Unconformity. 

I^gan formation ( Includes Keener sand ) 

Black Hand formation (Includes Big Injun sand)--. 

Cuyahoga shale 

Sunbury shale 

Berea sandstone 

Bedford shale 

The Mississippian formations constitute the great oil-bearing rocks 
of southeastern Ohio and include the Berea, Big Injun, Keener, and 
Big lime sands, all of which are productive in the Woodsfield quad- 
rangle. In outcrops some 80 miles to the west and northwest the same 
beds are quarried for building stone. Below the Berea is a great 
thickness of shale, the bottom of which has never been penetrated by 
the drill within the Woodsfield quadrangle. The Clinton sand, which 
yields much oil and gas in central and northeastern Ohio, if present in 
this region lies more than 4,000 feet below the Berea sand. 

The Maxville limestone, known among oil drillers as the Big lime, 
varies considerably in thickness and is apparently missing in some 
parts of the Woodsfield quadrangle. This is to be expected, for the 
limestone is variable where seen in outcrop. It is overlain uncon- 
formably by sandstone, which forms an undulating contact and 
locally extends across the limestone, entirely replacing it. 

The Pennsylvanian or " Coal Measures " rocks are made up largely 
of shale, clay, and sandstone, with numerous beds of coal and lime- 
stone. Several of the sandstones are oil bearing. The Pottsville and 
Allegheny formations and all but the upper third of the Conemaugh 
formation are below the surface throughout the quadrangle. The 
Allegheny is the great coal-bearing formation in the northern Ap- 
palachian coal basin. In Ohio, though only a little more than 250 
feet thick, it includes a number of coal and clay beds of great economic 
importance. The Conemaugh is appropriately called the "Lower 
Barren," for it contains no coals of great value and also lacks im- 
portant beds of limestone and clay. It consists for the most part of 
shale and reddish-brown clay, with lenses of sandstone. The Monon- 
gahela formation contains the Pittsburgh, Meigs Creek, and other 
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valuable coal beds and important beds of limestone, together with 
sandy shale, clay, and nonpersistent beds of sandstone. 

The Washington formation of the Penman series lacks valuable 

beds of coal and is characterized by nonpersistent sandstone members, 

with shale and clay commonly of reddish-brown color. The few coals 

and thin limestone beds of the 

^ formation are found near the 

"--I* base. 

ROCKS EXPOSED. 

The thickness of the beds ex- 
posed within the Woodsfield 
quadrangle is about 800 feet 
These beds are in part repre- 
sented in figure 16. The ex- 
posures lowest in the geologic 
column are found along Leather- 
wood Creek, southwest of 
Bamesville, and the highest are 
in the ridges east of Woodsfield 
The more important beds will 
be described in turn, beginning 
with the lowest. 

The Pittsburgh coal crops out 
along the valleys west and south- 
west of Barnesville and also at 
Temperanceville. Farther east 
it is 100 feet or more below the 
surface throughout the quad- 
rangle. It is recorded in nearlv 
all oil wells and has also been 
tested by core drilling and is 
known to be present in workable 
thickness over the greater part 
of the area. The chief excep- 
tion is the southwest comer, the 
limit of the workable coal bein^. 
roughly, a line drawn from 
Temperanceville to Miltonsburg. 
thence to Lewisville or possibly to Woodsfield. The rOcks at the 
Pittsburgh horizon are exposed along the valleys of Seneca and 
Paynes forks south of Temperanceville, but the coal is too thin to be 
of value. 

The Pittsburgh coal is correctly identified by oil men in drillinif 
operations throughout the region, and its position with reference to ' 
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higher strata is so well established by dozens of hillside measurements 
and by core-drill and oil-well records that it is chosen as the most 
convenient key bed for mapping the structure of quadrangles in this 
part of Ohio. 

The Meigs Creek (Mapletown) coal lies 97 to 120 feet above the 
Pittsburgh bed. The larger interval is unusual and was found only 
in the region west of Bamesville. Another coal, the Lower Meigs 
Creek, is found in numerous places in the quadrangle 20 to 35 feet 
below the Meigs Creek proper. The two coals are commonly sepa- 
rated by massive sandstone. Typical exposures of the lower coal may 
be seen along Seneca Fork of Wills Creek, where it is mined for local 
use. The Meigs Creek coal lies near the valley floor of Captina Creek 
for miles eastward from Bamesville, and at the east edge of the 
quadrangle it is a few feet below the bed of the creek. In Adams 
Township the same coal is a few feet beneath the valley floor of Sun- 
fish Creek and no outcrops were discovered. 

From 100 to 120 feet above the Meigs Creek coal is the Uniontown 
coal, which is useful as a structural key on account of its extensive 
outcrop. Its value for this purpose is somewhat lessened, however, 
because the coal is in places divided into two beds separated by about 
10 feet of shale. The Uniontown coal is mined along Sunfish Creek 
east of Woodsfield and also along Jakes Rim and Bend Fork, tribu- 
taries of Captina Creek. 

Three more beds that are noteworthy on account of their utility 
in structural mapping appear above the Uniontown coal, namely, 
the Waynesburg coal, at the top of the Monongahela formation, and 
the Waynesburg "A" and Washington coals, in the Washington for- 
mation. The first two are accompanied by thinner, less persistent 
beds, which necessitate careful study to avoid confusion. The Wash- 
ington coal is an excellent key bed, being persistent with a thickness 
of 1 to 2 feet throughout the area, but it also is accompanied by 
other coal beds, one 10 feet higher and another 26 feet higher. The 
Washington coal is about 350 feet above the Pittsburgh in Goshen 
Township, in the northeast comer of the quadrangle. Toward the 
south the interval between the two coals gradually increases to about 
400 feet at the Belmont-Monroe county line and to 420 feet at the 
south edge of the quadrangle. 

About 40 feet above the Washington coal is a bed of limestone 
which was used as a guide in mapping in Belmont County. To the 
south, in Monroe County, this limestone is lacking, and in its place 
is greenish-gray brittle granular clay. 

BOCKS PENETRATED BY THE DRILL. 

Below the surface are about 2,000 feet of rocks which are fairly 
well known through evidence furnished by the drilL The Berea 
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sand, the chief objective in the search for oil, lies 1,400 to 2,000 feet 
below the surface, and beneath it is an unknown thickness of shale 
practically devoid of oil sands, in southeastern Ohio. The general 
sequence of the oil sands, their names applied by oil men, and 
positions with reference to the Pittsburgh coal are represented in 
figure 17. The subjoined well records further illustrate the character 
of the rocks below the surface : 

Ijog of well No. 90 on John Kemp faring sec. IS, Ooshen Toumship, Belmont 

County. 

[WeU noaprodactive.] 



Coftl ( Wayneslnire) 

CoalcMelgs Creek) 

Coal (Lower Meigs Creek) . 

Coal (Pittsburghy. 

Second Cow Run sand 

Firs t sal t sand 

Sand 



Second salt sand. 

Maxtonsand 

Big lime. 



Keener sand 

Big Injun sand. . . 
Welsh stray sand. 

Berea sand 

Total depth 




Thick- 
ness. 



FeeL 
A 
3 
8 
3 

S5 
60 
40 
45 
49 
51 
37 
173 
154 
20 



1 

1, 



Fert. 
144-KS 

297-300 

S25-32S 

39»-3W 

800-945 

030-1,090 

110-1,150 

205-1,SO 

285-1.351 

334-l.>S 

385-l,t2 

422-1.5(6 

750-1, 9i>4 

957-1, &~ 

2,0W) 



Log of tcell No, 372 {No. 1 on Martha Mohley farm), sec. 31, Adams Totcnship, 

Monroe County. 

[Gas well.] 



Conductor.., 
Coal 



Coal (Pittsburgh), 

Hod rock 

Lime 



Bedrock. 
Slate 



First Cow Run sand . . 
Second Cow Run sand . 
"Slate" 



First salt sand (water at 1,280 feet) , 
Lime 



Second salt sand (water, U barrels an hour, at 1,335 feet) 
"Slate" 



Maxtonsand. 
"Slate" 



Big lime 

Keener sand (scum of oil at 1,586 feet; water rising ::oo feet in 3 hoiiis at l,y^l feet; 

water, 1 barrel an hour, at 1,615 feet) 

"Slate'' 

Big Injun sand (little dark oil and gas at 1,666 feet) 

"Slate "and lime 

Welsh sand, limy 

Berea sand (gas at 2,163 feet) 

Total depth 



Thick- 
ness. 



Feet. 



3 

4 

100 

50 

75 

45 

20 

185 

115 

60 

10 

65 

15 

50 

30 



33 
10 
175 
115 
75 
10 



Depth. 



9 
170 

.V.H 
TOO 

7:»o 

JsTO 
»>1 



Feet 
0- 

167- 
504- 
600- 
700- 
V50- 
825- 
870- 
950-1,11' 

i.iss-i.a*^ 

1, 250-1. 3)rt 
1,310-1,330 
1,320-1,3'^ 
l,S8S-l.*)P 
1,400-1,450 
1,450-1.4*" 
1.4N 

1,58^1,^1' 
1, 615-1. •-■ 
1, 625-1, »*»' 
1,800-1, "1' 
1,91' 
2,160-2,170 

2.1?* 
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Log 0/ weU No. 457, on Peter UMch farm, sec. 9, Malaga Toumship, Monroe 

County. 

[Well nonproductlTe.] 





Cow Ann sand 

Sftltsaod. 

Maxtonfluid. , 

Big lime (fine und, poor, at 1,380 feet) . . . . 

Keener mid (15 feet of white sand) 

BigIii)ini8aiM. 

Shale break 

Squaw sand. 

Berea, poor sand, top at 



140 
100 
65 
44 
106 
10 
60 



Depth. 



Feet. 

195 

335 

425 

600 

860 

,045-1,185 

,250-1,350 

,370-1,425 

,451-1,495 

,530-1,635 

,035-1,645 

,645-1,705 

2,026 



Many of the sandstone beds recorded in well logs are characterized 
by lack of persistence, and all are far from uniform in thickness, 
texture, and appearance from place to place. The uncertainty of the 
^ Coal Measures " sandstones is evident when any prominent bed is 
followed for a short distance along its outcrop. Almost without ex- 
ception it will be found to grade laterally into shale, and in many 
places the change is rather abrupt. On the other hand, two or more 
sandstone beds separated by shale ^^ breaks'' may locally combine into 
one thick bed of sandstone. A comparison of well records within the 
Woodsfield quadrangle shows that there is a lack of uniformity in the 
application of names to the several sands. For instance, the name 
Cow Bun is applied to beds ranging from 840 to more than 500 feet 
below the Pittsburgh coal at different localities in the Woodsfield 
quadrangle, whereas the true position of the First Cow Run sand in 
Monroe County is 310 to 820 feet below the Pittsburgh coal. 



OIL AND GAS SANDS. 

General occurrence. — ^The search for oil and gas in the Woodsfield 
quadrangle has led to more extensive drilling than has been done in 
almost any other portion of southeastern Ohio. About 1,950 wells 
have been drilled, two-thirds of which are in the south half of the 
quadrangle. The area is in that favored portion of Ohio where the 
* driller can hope to find oil in any one of a number of sands ranging in 
position from about 800 to 1,600 feet below the Pittsburgh coal. The 
most noteworthy productive sands, named in descending order, are the 
so-calkd Cow Run, Big lime. Keener, Big Injun, and Berea. The 
sequence of these sands and their relations to other beds are shown in 
the generalized section (fig. 17). The pools in which these various 
sands are productive are represented on Plates XXIV and XXV (in 
pocket). The Berea sand is an important source of oil and gas at 
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three localities, designated on the maps the Bamesville, Temperance- 
ville, and Woodsfield Berea grit pools, and in addition yields con- 
Feat siderable gas in a recently dis- 
covered pool, the Schriver, south- 
east of Beallsville, along the east 
margin of the quadrangle. The 
Big Injun sand yields oil and gas 
at numerous points in the south- 
western part of the area, the most 
productive pool being at Ijewis- 
ville, with scattered wells to the 
northeast for several miles. The 
Keener sand probably ranks first 
as a source of oil in the area. It is 
productive at Malaga, Miltons- 
burg, Monroefield, and Lewisville 
and northeastward from Lewis- 
ville in an almost continuous belt 
for 6 miles. The Big lime sand is 
likewise of great importance, and 
its productive areas are coexten- 
sive with several of the Keener 
pools. In fact, there are many 
wells in which both sands are pro- 
ductive and the same wells may 
also derive oil from the Big Injun 
sand. Some of the more produc- 
tive pools in the Big lime are at 
Newcastle and on Brushy Creek 
in Belmont County, and at Jeru- 
salem, Ozark, Lewisville, and sev- 
eral intermediate points, in Mon- 
roe County. A still shallower 
sand called by oil men the Cow 
Run is productive in the vicinity 
of Beallsville. This sand is about 
350 feet below the Pittsburgh coal 
and its position suggests correla- 
tion with the Buell Run sand of 
Noble County rather than with the 
Second Cow Run sand. 

Names are applied by oil men to 
nearly every sand penetrated in 



Salt sands 



Maxion sand 



Big Lime ^ 

(Maxviile limcstore) 

Keener sand 
Big Iqjun sand 



Squ^inr sand 



£«2 



Sandy ehala 



VWtlsh stra/ sand 



B€r%Bt9n^ 



FiODBB 17. — Generalized section showing 
oil sands and accompanying beds in 
Woodsfleld quadrangle, Ohio. 

drilling, and these are represented in figure 17, but the oil men are 
^ar from consistent in their use of several of the names applied in 
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ihe section. Some of the terms in use are derived from localities 
in Washington County, Ohio ; others are obtained from oil pools in 
West Virginia. As a result there is some confusion in the correlation 
of beds, and a single sand may be designated by several names in 
different localities. The skill of the drillers in correctly identifying 
beds, however, is remarkable when it is borne in mind that none of 
the sands maintain a uniform thickness over any considerable area, 
and not uncommonly several beds are combined into one great mass 
of sandstone. Elsewhere the sands are broken into a series of alter- 
nating beds of shale and sandstone, or are even entirely missing and 
only " shells '' are recorded in their places. 

Berea sand. — ^The Berea sand is one of the most important sources 
of oil and gas in southeastern Ohio and is the deepest oil sand that 
can be explored with a hope of profit in the Woodsfield quadrangle. 
It lies 1,550 to 1,660 feet below the Pittsburgh coal, the interval be- 
tween it and beds near the surface varying considerably from place 
to place. For this reason a map showing accurately the lay of the 
Pittsburgh coal is not .directly applicable to the Berea sand, and a 
correction for the variation in interval is required. 

The thickness of the Berea is generally reported at 20 to 30 feet, 
but a few records show less than 10 feet. There is great variation in 
texture from place to place, and locally the sand is so fine textured 
and shaly that it is barely recognizable, and its position would not 
be detected were it not for the black shale which immediately overlies 
the Berea in Ohio. In the midst of the Berea are lenticular beds of 
coarser sand which serve as reservoirs for the oil and gas and hence 
are called the "pay. sands." These are not persistent and vary in 
thickness. The color is generally white, and the grains of fairly uni- 
form fineness, with no pebbles. The thickness of the " pay " sand in 
the several oil pools ranges from 4 to 15 feet, and in position it lies 
a few inches to more than 14 feet below the top of the Berea. 

Big Injun sand. — ^The usual thickness of the Big Injun sand is 
about 100 feet, but at some places it is 175 feet or more and at others 
50 feet or even less. In the southwestern portion of the Woodsfield 
quadrangle the Big Injun sand, where productive, is generally 40 to 60 
feet thick. The sand is coarser textured than the Berea and contains 
pebble layers which are oil bearing and constitute the pay sands. 
Three or more of these may be found in a single well. The Big Injun 
is generally water bearing, and the life of the wells is commonly cut 
short by an inflow of salt water. Not infrequently the Big Injun 
sand is found separated into a number of beds interlayered with shale. 
There are great variations in thickness and shaly character in short 
distances. In fact, the Big Injun resembles sandstones of the " Coal 
Measures " in its diversity from place to place. 
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Keener sand. — ^The Keener sand is separated from the Big Injun 
by shale and is likewise overlain by shale, which separates it from the 
Big lime. The usual thickness of the Keener is about 25 to 35 feet, 
but in the vicinity of Woodsfield a few well records show as much as 
60 feet. It is made up of alternating beds of coarse and fine grained 
sand varying in color from white to dark. The coarser beds yield 
great quantities of water, which is a menace to oil wells. 

Several layers of sand in the Keener may be found oil bearing, 
and it is of interest to note that the oils from the different pay sands 
have not the same properties. In the pools east of Malaga the oUs 
vary in viscosity, a portion being so thick that "steaming" is 
required in order to facilitate the flow through pipes, even in the 
summer months, whereas another oil from the Keener sand in the 
same vicinity flows readily without " steaming." 

The initial production of many of the wells in the Keener sand has 
been 100 barrels a day and in a few is reported at more than 500 barrels. 
The life of the wells is as a rule shorter than that of wells in the 
Berea sand. 

Big lime sand. — ^The Big lime, as its name implies, is made up 
largely of limestone in many beds alternating with sandy layers in 
which the oil and gas are collected. The thickness of the Big lime is 
reported to be 100 feet in a few places, but 80 to 60 feet is more com- 
mon. In general the thickness diminishes toward the northwest, and 
in parts of the Summerfield quadrangle, adjoining the Woodsfield on 
the west, the Big lime is missing. It shows abrupt variations in 
thickness and character from place to place, as is illustrated by 
records of wells in the vicinity of Lewisville. On the Cooper farm, 3 
miles northeast of the village, the Big lime is reported 100 feet thick 
with great quantities of salt water 31 feet below the top, whereas on 
the Buchanan farm, 1^ miles east of Lewisville, the Big lime is about 
25 feet thick. 

The pay sand is reported to consist of moderately coarse sand in 
layers 5 to 15 feet thick. A number of wells in the Big lime sand have 
had an initial production of 100 barrels a day, and 500 barrels is 
claimed for a few, but in most pools the best wells start at 25 barrels 
or less. 

Other oil sands. — Above the Big lime are a number of oil-bearing 
sands which have been prospected rather extensively by the driller 
with moderately favorable results. The various sands have received 
names, which are shown in figure 17. The Maxton sand, closely over- 
lying the Big lime, is productive at a few points east of Lewisville- 
Gas is found in the Salt sands, and oil in a sand reported to be the 
Cow Run. The production along the railroad northeast of Bealls- 
ville and also about 2 miles southeast of that village is credited to the 
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Cow Run sand, although its position, 350 feet below the Pittsburgh 
coal, suggests that it may possibly be equivalent to the Buell Run 
sand, which is productive in the region south of Summerfield, Noble 
County. The position of the First Cow Run sand where present in 
the Woodsfield quadrangle should be 280 to 310 feet below the Pitts- 
burgh coal. 

The oil from the Cow Run sand at Beallsville has a beautiful amber 
color. The best wells produced 20 to 25 barrels a day when first 
drilled, and a number after being pumped for more than 10 years 
still yield three to five barrels a day. 

STBT7CTT7BE. 

The prevailing direction of slope or dip of the rocks in eastern 
Ohio is southeastward. The region forms the west side of a broad, 
shallow basin which constitutes the Appalachian coal field. The 
slopes of this basin are far from imif orm and are traversed by numer- 
ous minor wrinkles which form anticlines and synclines. These are 
very insignificant when the basin is considered as a whole, but because 
of their influence in the accumulation of petroleum and natural gas 
accurate mapping of them is of importance to the oil operator. 

PREPARATION OF STRUCTURAL MAP. , 

The methods of preparing structural maps of oil sands are out- 
lined in the report on the Summerfield quadrangle (pp. 227-228) . In 
preparing the contour map of the Berea sand which accompanies this 
report, elevations were determined on about 850 outcrops of several 
key beds and were then reduced to one datum, the Pittsburgh coal, by 
the addition or subtraction of the appropriate interval for each bed. 
With the elevation of the Pittsburgh coal thus determined through- 
out the area the position of the upper surface of the Berea sand nt 
each point was calculated. Unfortunately, the undulations and 
flexures of the Berea sand do not exactly coincide with those of the 
Pittsburgh coal and other strata near the surface, and this necessitates 
a correction. The refinement with which this correction can be 
made depends upon the number of well records available. The Pitts- 
burgh-Berea interval shows a total variation in the entire Woodsfield 
quadrangle of about 100 feet, being 1,550 feet in the northeastern 
part of the quadrangle and 1,650 feet in the southern part, east of 
Woodsfield. The change is not constant in any one direction and 
varies rather abruptly over small areas, and for this reason the cor- 
rection can be applied with precision only in areas where many well 
records are available. In some portions of the quadrangle the wells 
are a mile or more apart, and it is probable that between these wells 
local variations in the interval exist for which no correction can 
be made. As the Berea sand lies considerably below sea level, 2,000 
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feet is added to each elevation of the key bed in order to avoid using 
the minus sign in numbering the contours of the oil sand. This is 
equivalent to assuming a datum plane 2,000 feet below sea level for 
the map of the oil sand. The contour map (PL XXIV) represents 
the lay or attitude of the upper surface of the Berea sand and shows 
all wells drilled up to the completion of the report. The locations 
of many coal test holes are also indicated. All wells drilled to the 
Berea are represented in red. Wells drilled to shallower sands are 
represented in black, the appropriate abbreviation being used for the 
sand where known. 

SALIENT STRUCTURAL FEATURES. 

The structural contour map shows the Berea sand to lie at 1,500 
feet above the assumed datum plane, or 500 feet below sea level, in 
the northwest comer of the area and at 940 feet (1,060 feet below sea 
level) in the southeast comer, indicating a drop of 560 feet south- 
eastward across the quadrangle. From the map it will be seen that 
the dip is fairly uniform in direction and degree, but there are places 
where the rocks lie nearly flat for a mile and abruptly drop 50 feet 
or more in the succeeding mile, thus producing terrace-like forms 
such as the one at Temperanceville. The general southeastward 
direction of dip is varied by minor flexures that extend across the 
faces of the terraces, producing down-folded embayments which 
alternate with promontory benches, typical illustrations of which 
appear along the Belmont-Monroe county line 3 miles southeast of 
Somerton. 

Well-defined anticlinal folds are far from plentiful in this region, 
and there are in the quadrangle only two of any prominence. One 
lies west of Barnesville, extending in a southwesterly direction. 
Along its summit is a gas field and on the east slope an oil pool. On 
the northwest side is a shallow synclinal depression. An irregular 
anticlinal fold extends southward from Temperanceville and on its 
east flank the strata drop abruptly into a synclinal depression near the 
village of Somerton. One mile east of Somerton is a small anticlinal 
" nose " extending southward for several miles. The town of Woods- 
field is situated in a shallow structural depression, east of which is a 
slightly higher terrace with a gentle southeastward slope, and on this 
is situated in the Woodsfield Berea grit oil pool. Extending south- 
ward from this locality beyond the area represented on the map is an 
anticlinal arch which may be coextensive with the Jackson Ridge oil 
pool. 

RELATION OF STRUCTURE TO ACCUMULATION OF OIL AND GAS. 

The occurrence of oil and gas pools along the crests and slopes of 
anticlines has been demonstrated at so many places during the 40 
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years since the introduction of the anticlinal theory that no one can 
fail to recognize the importance of these structures in oil accumula- 
tion. An excellent illustration is furnished in the Barnesville oil and 
gas field, in the northwestern part of the Woodsfield quadrangle, 
where the gas occupies the high portion of the anticlinal fold and is 
flanked by an oil-producing belt a little lower on the slope. The well 
logs for this field indicate a fairly open textured sand which permitted 
the circulation of water currents. It is conceivable that the oil par- 
ticles were gathered from the steep slopes to the southeast and 
gradually — ^perhaps with some oscillatory motion — carried upward 
and united into the body of oil along the narrow terrace indicated by 
the contours, or they may have been brought from some other direc- 
tion. The Berea oil sand is probably saturated with salt water 
throughout the area, and the oil and gas particles, while in circulation, 
are buoyed up by the water and tend to accumulate near the crests 
of arches. Thus the Barnesville pool furnishes an example of the sim- 
plest application of the anticlinal theory, where the oil sand is fairly 
open textured, saturated with salt water, and arched into an anticline. 
A study of other oil and gas pools indicates that this combination of 
ideal conditions is not usual and that elsewhere numerous modifying 
influences have been eflfective. In the first place, well-defined anti- 
clines are far from plentiful in southeastern Ohio, and more com- 
monly the arches are merely promontory-like " noses " such as that in 
the extreme southwest comer of Wayne Township-. 

Another modifjring factor is variation in porosity. The Berea is 
not made up of a single sheet of open and even textured sand readily 
permeable by water but consists for the most part of hard, compact, 
fine-textured " lime " or " shells " with lenticular beds of " pay " sand 
only a few feet thick. Such is its character in the Summerfield gas 
field in the adjoining quadrangle to the west. Here the pay sand is 
compact and of variable thickness and the pool is bordered on the 
south by several dry holes in which "no sand" is reported by the 
drillers. The limited extent of the pay sand has prevented the 
migration of the gas up the slope to a location structurally more 
favorable, and it is retained on the flank of a shallow synclinal em- 
bayment. The quantity of salt water yielded by the wells in this 
field, though slight, is not believed by the writer to indicate partial 
saturation, but rather to show that the rock is so fine in texture that 
it holds the water even though it rises in the rock as the gas is 
exhausted. 

From well records gathered in various parts of eastern Ohio it is 
evident that the Berea sand contains more or less salt water from a 
point near the outcrop down the dip to a position far below sea level. 
Where the rocks are comparatively pervious over considerable areas 
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and the quantity of water is not sufficient to fill all pore spaces en- 
tirely it occupies the lower portion of the sand, and there is an upper 
limit of saturation existing as a nearly level water table of consider- 
able extent. Conditions of this kind are found in the northern part 
of the Steubenville quadrangle, where the positicxi of the water line 
is about 270 feet below sea level and rises gradually northward. 
This water table in the Berea sand is of local extent and probably 
has no relation to water tables in the same sand in other areas to the 
west and north. The partial saturation in this area does not signify 
that the quantity of salt water becomes less as the oil sand is fol- 
lowed up the dip. On the contrary, great quantities of salt water 
and also some oil are derived from the Berea all the way from the 
Woodsfield quadrangle northwest to Wooster and beyond, where the 
sand is only a little below the surface. It is even possible that the 
amount of water is progressively greater as the Berea is followed 
up the dip. This is to be expected in shallow areas, where contribu- 
tions from ground-water circulation would probably be received. 

In the same connection it should be emphasized that in the more 
porous strata water and oil seem to seek the lowest level that is 
readily accessible and to flow into the hole when a well is drilled. 
But it is believed by the writer that the failure of one or both to do 
so does not necessarily signify that the sand is dry. The texture of 
the sand may be found so fine as to enable it to hold its liquid content 
even when there is considerable gas pressure. 

The water conditions in the Big Injun, Keener, and other shallower 
sands differ from those in the Berea. The sands are as a rule more 
open textured and give off quantities of water, which not infrequently 
rises to the surface in a well that is being drilled. Many oil wells are 
ruined by an inflow of salt water, but on the other hand wells have 
been drilled through all these sands without encountering either oil, 
gas, or water. 

The Monroefield pool may be cited as an area where the Keener 
sand yields almost no salt water. Whether this signifies only slight 
saturation or is to be attributed to the close texture of the sand can 
not be stated until more detailed study has been given to the matter. 
It is worthy of note that in the Malaga and Cooper oil pools, some 
70 feet down the dip, many Keener wells yield great quantities of 
salt water. 

In several oil sands in the Woodsfield quadrangle the water in one 
oil pool situated on an anticlinal " nose," terrace, or other structural 
feature is commonly found to be a hydrostatic unit entirely inde- 
pendent of water conditions in another pool near by, even though the 
sands in the two pools lie at the same horizon. The same thing is 
also true of overlapping sand lentils separated by shale. In some 
places oil and much water are found in one stratum, and gas with 
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little or no water in another stratum 40 feet lower. It does not 
seem strange, therefore, that in crossing down the dip in the Woods- 
field quadrangle a succession of gas and oil is found to be repeated 
several times within a distance of a few miles. The localization of 
the oil into a number of small pools rather than into one large pool 
is in part explained by the gentle dip, which does not favor the 
migration of oil, and in part by the '^ spotted " condition of the sand. 

SEARCH FOR NEW POOIiS. 

The study of the Berea and other oil sands in the Woodsfield and 
other quadrangles of southeastern Ohio forces the conclusion that 
the conditions of oil accumulation are controlled by so many in- 
tangible factors that in this region no one can with certainty predict 
the location of oil pools in advance of drilling. The structural map, 
even though made most carefully, may not accurately represent the 
surface of the Berea sand in a country that has been little drilled, 
owing to the varying distance of the Berea below beds that lie near 
the surface. Furthermore, it does not follow that oil or gas will be 
found in even the structurally most favorable location, for the reason 
that the accumulation into pools is controlled by many factors, such 
as the trend, extent, and texture of a lens of pay sand and its degree 
of saturation with salt water. It is noteworthy, however, that even 
in a sand such as the Berea the pools for the most part follow closely 
the strike of the rock or in other words extend parallel to the struc- 
tural contours. The utility of the structural map in predicting the 
extension of pools after the first successful wild-cat well is drilled is 
thus at once evident. In addition it enables the driller to determine in 
which direction his next location should be made in order to find the 
oil sand at a higher point after a well showing oil and considerable 
salt water has been drilled. 

The search for oil and gas in the Berea sand has been so thorough 
that dry holes are distributed at intervals of 1 to 2 miles in the areas 
between the several pools in this sand. In most of these holes the 
condition of the sand is reported unfavorable. It seems improbable 
that any undiscovered large pools remain in this quadrangle. Prob- 
ably the most promising area in the quadrangle for prospecting is to 
the east and southeast of Temperanceville. Well 67 is a small oil 
producer in the Berea sand, and the area around it, especially to the 
southeast, is suggested as most favorable and the area to the south 
as almost equally promising. Mention should also be made of the 
terrace 1 mile south of Boston, where a show of oil is reported in well 
131. Farther south, along the west margin of the quadrangle, the 
Berea sand is commonly reported " broken " and fine textured, but 
here and for several miles to the west it yields gas in wells of small 
volume but long life. 
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Both the Baruesville and Woodsfield Berea grit pools have been 
so defined by dry holes that there is little opportunity for important 
extensions. In the Bamesville pool wells drilled 20 years ago are 
still producing, their long life being attributed to the judicious spac- 
ing of the wells, most of which are 1,000 feet or more apart. 

An attempt was made to develop an oil field along Captina Creek 
1 mile east of the area represented on the map, at a locality known 
as Hogsink. Several small "pumpers" were drilled, but most of 
them have been abandoned. Southwest of this locality, toward New- 
castle, Belmont County, a show of oil is reported in several Berea 
wells. Since the completion of this report a small oil well in the 
Berea sand has been drilled on the Evans farm, 1 mile east of 
Newcastle. 

The only producing area deriving oil or gas from the Berea sand, 
aside from those already mentioned, is at and southeast of Bealls- 
ville, where a small gas field designated the Schriver pool has recently 
been discovered. Well 249 at Beallsville is a small producer and 
is separated from the pool to the southeast by several dry holes. 
The closed pressure of the wells in the gas field averages about 700 
pounds and the initial yield of a number of the wells was about 
3,000,000 cubic feet a day. At the east edge of this field, beyond the 
area represented on the map, the rocks form a gently southeastward- 
sloping, terraced embayment where oil may possibly be discovered. 

The precise structural features of oil sands other than the Berea 
can not be gathered from an inspection of the map, because the Berea 
sand does not lie parallel to the Big Injun sand and other strata nearer 
the surface. It is evident, however, that in the extremely productive 
area that occupies so much of the southern half of the quadrangle the 
rocks have a comparatively uniform southeastward slope, with few 
terraces or cross flexures to vary the monotony. There is a suggestion 
of alignment of the productive areas along the strike of the rocks, 
as is illustrated by the wells in the Keener sand from Malaga south- 
westward past Miltonsburg to the Cooper pool, 1 mile southeast of 
Monroefield, and this alignment will doubtless be increasingly evi- 
dent when the production is extended by future drilling. It seems 
highly probable that several of the gaps, especially the one along the 
east side of Miltonsburg, will in time be closed. There are, however, 
other pools whose longer dimensions extend at right angles to the 
strike of the rocks, suggesting that the shape of the pool is controlled 
by the trend of a lenticular pay sand. In many pools of seemingly 
abnormal shape and trend the production does not come from a single 
pay sand, but rather from two or more beds in the same formation, 
or possibly in different formations. The productive sand in each well 
is designated so far as possible on the map, but the oil in many wells 
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is derived from two or even three sands. This is true of certain wells 
in the vicinity of Decker station, east of Lewisville. 

With the above-stated facts in mind it may be said in conclusion 
that extensions are probable in many of the small pools and that the 
search should be continued along the strike of the rocks, or, in other 
words, parallel to the structural contours. A map representing the 
lay of the shallow sands is now in preparation and will be included 
in a future report, in which detailed attention will be given to the oil 
fields and also to coal and other miheral resources. 

QUAUTY OF THE OILS. 

The oils of this region are shown by analyses to be of best Penn- 
sylvania grade, ranging from 36° to 50° Baum^ in gravity and from 
light amber to dark green in color. Asphalt and sulphur are lacking, 
and the percentage of paraffin ranges from 2.5 to more than 10. A 
number of analyses have been published by the United States Greo- 
logical Survey.* 

PXJBIilCATIONS. 

A list of United States Geological Survey bulletins concerning oil 
and gas fields in eastern Ohio and adjacent parts of West Virginia 
and Pennsylvania is given on page 231. 

1 U. 8. Oeol. Survay Mineral Resouices, 1913, pt. 2, pp. 1212-1217, 1914. 
08867"*— Bull. 621—16 17 



ANALYSES OF COAL SAM PLES FROM VARIOUS PARTS OF 

THE UNITED STATES. 



By Masius R. Campbell and Frank R. Clabk. 



INTBODUCTION. 

The accompanying table gives the analyses of all coal samples 
coUected by the United States Geological Survey in 1914 and that 
part of the year 1915 ending May 31. The analyses were made at 
the Pittsburgh laboratory of the Bureau of Mines, and to that organi- 
zation belongs the credit and responsibility for the accuracy of the 
chemical work. 

In the course of a year many coal fields are examined in reconnais^ 
sance or in detail by members of the United States Geological Survey. 
The fields in the eastern part of the coimtry are surveyed for the 
purpose of determining the amount and quality of the coal, in order 
that the public may be made acquainted with the fuel resources of 
the United States. In the public-land States of the West the exami- 
nations are made in part for a similar purpose and in part (in late 
years this has been the controlling influence) to gather data for the 
classification of the land as mineral or nonmineral according to its 
coal content. If the land is classified as coal land a valuation must 
be assigned to it in accordance with certain regulations adopted by 
the Department of the Interior, which take into account both the 
quantity and quality of the coal. The quantity of coal is determined 
by a general survey of the field and the quality by chemical analysis 
and by calorimeter determination of samples sent by the geologist 
to the chemical laboratory. 

Most of these analyses will be published in the descriptions of the 
fields from which the samples were obtained, but as such reports will 
necessarily be delayed xmtil all the data gathered in the field have 
been thoroughly classified and digested, they may not appear for 
several months or perhaps more than a year. In order to make the 
analyses immediately available to the public they have been grouped 
tLccording to States and coimties and are herewith published in 
advance of the reports to which they relate. The samples of coal 
from Virginia, Tennessee, Illinois, and Missouri were collected by the 
United States Geological Survey in cooperation with the geological 
surveys of these States. 

251 
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Many of the samples, especially those from the public-land States, 
were collected in fields in which mining either has not b^un or has 
attained only a smaU development. Under such conditions it is 
difficult, if not impossible, to procure fresh material, and hence the 
analyses may show coal of lower grade than would appear if the sample 
were made up of strictly unweathered coal. In the table the analyses 
of weathered samples are marked so as to warn the reader against 
basing important conclusions on the figures given. They should be 
used with caution and only until such time as they may be replaced 
by the analyses of fresh material. 

The geolc^ist taking a sample of coal for analysis is instructed to 
procure unweathered material if possible. He is supposed to face 
up the bed in the mine or prospect until fresh coal is available, and 
then to obtain the sample by making a uniform cut across the bed 
from roof to floor. He is expected to cut sufficient coal to give at 
least 6 pounds to the foot of coal bed sampled. The sample thus 
obtained is hastily pulverized in the mine until it will pass through a 
i-inch mesh screen and then is quartered down to about 4 poxuids in 
weight. This sample is placed in a galvanized-iron can, which is 
sealed with adhesive tape and mailed to the laboratory for analysb. 
The geolc^ist proceeds on the principle that a coal mine should be 
sampled as carefully as a gold mine and that the sample should be 
even more carefidly handled after it has been taken. The object of 
sealing is mainly to prevent change in the moisture content, so that 
the coal may reach the laboratory in practically the same condition 
as it leaves the mine. Coal is a very unstable substance, and great 
care must be exercised to prevent the taking on or giving off of mois- 
ture and its oxidation in the course of preparation and in transit. 
It is also important that the sample should consist of neither the 
best nor the poorest coal, but that it should be representative of the 
output of the mine, if one is in operation, or, if the field is undeveloped, 
it should represent as nearly as possible the merchantable coal that 
may be procured at some time in the future when mining is carried on. 

Although the aim of the geologist in sampling by the method 
specified above is to obtain coal that is representative of the output 
of the mine, experience has shown that this aim is seldom or never 
accomplished. Almost invariably the sample obtained in the mine 
contains a lower percentage of impurities than the coal which reaches 
the consumer. This difference is due largely to carelessness in mining 
and handling and probably could be mostly eliminated were condi- 
tions of mining more nearly ideal. By comparing a large number 
of samples taken in a mine with samples from the same mine 
taken at the point of consumption, it has been foimd that there is a 
fairly constant but small difference in the percentages of moisture, 
ash, and sulphm:, and that almost invariably the amoimts of these 
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substances in the mine samples are less than in the coal that reaches 
the market. On this account the sulphur as given in the analyses 
should he increased by about 1 per cent of itself and the ash by 1} 
per cent of itself to represent correctly the sulphur and the a£^ in 
merchantable coal from the mines. 

In the table the analyses are given in four forms, marked A, B, C, 
and D. Analysis A represents the sample as it comes from the mine. 
This form is not well suited for determining the relative merits of a 
fuel, because the amount of moisture in a sample of coal as it comes 
from the mine is largely a matter of accident, and consequently 
analyses of the same coal expressed in this form may vary as widely 
as the analyses of coal from different beds or from different fields. 
Analysis B represents the sample after it has been dried at a tempera- 
ture of 86^ to 95^ Fahrenheit until its weight becomes constant. 
This form of analysis probably represents the coal in the most stable 
form that it can be put by natural or artificial means and therefore 
is the one best adapted to general purposes of comparison in order to 
determine relative fuel values. Analysis C represents the coal after 
all moisture has been eUminated, and analysis D the coal after all 
moisture and ash have been theoretically removed. The latter is 
supposed to represent the true coal substance, free frpm the most 
significant impurities. Forms C and D are obtained from the others 
merely by recalculation. They are useful to the mechanical engineer 
who desires to reduce his fuel theoretically to a stable, unchanging 
form in order to test or check the performance of his apparatus and 
also in a study of the pure coal substance, free from all impurities, 
but as this substance is not the same as the coal that reaches the bin 
of the consumer neither forms C nor D should be used in determining 
the relative practical fuel values of coals. 

The analyses reported from the laboratory have been somewhat 
generalized, as it is commonly recognized that the figures representing 
the different percentages are not generally correct to the second 
decimal place or to the ultimate unit. This is particularly true of 
the proximate analysis, and therefore the air-drying loss, moisture, 
volatile matter, fixed carbon, and ash are given to one decimal place 
only; and the ash (in the ultimate analysis), sulphur, hydrogen, car- 
bon, nitrogen, and oxygen are given to two decimal places. The 
determination of the calorific value to individual units is not reliable, 
hence in the column headed ''Calories" the values are given to the 
nearest five imits, and in the column headed ''British thermal imits" 
they are given to the nearest tens, as the value of a British thermal 
unit is about one-half that of a calorie. 
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CIiASSIFICATION OF COAI.. 

The sep&ration of coals into various classes, such as bituminous, 
semibituminous, and lignite, is practiced in the trade, but so far no 
one has devised a satisfactory or systematic basis for such a classificar 
tion. Many have attempted to classify coals on their chemical com- 
position alone, and for the lugher grade coals this plan seems to be 
fairly satisfactory, but it does not apply to the lower-rank bittmoinous, 
subbituminous, and lignite coals, or at least no one has yet proposed 
a scheme of separation which fits these coals and corresponds with the 
physical differences that have been observed by all who use them or 
are concerned with their mining or exploitation. Recent analytical 
work done on some of the so-called anthracites of southwestern Vir- 
ginia (see analyses 19357-19360, 19431, 19924, 20721, and 20722) 
shows that chemically they are nothing more than semibituminous 
coal, but their physical characteristics seem to rank them with the 
semianthracites. It seems probable that both chemical and physical 
properties must be taken into account in framing a classification that 
will have any practical value. The classes of coal generally recog- 
nized in the United States and the criteria used by the Geological 
Survey for their differentiation and separation are as follows: 

AntJiraciU. — ^The characteristics of anthracite are generally so well 
known that they need no detailed description. The coal is hard 
and has a vitreous or metallic luster. It is high in fixed carbon, the 
fuel ratio (fixed carbon divided by the volatile matter) being not less 
than 10. Most of this kind of coal comes from the anthracite fields 
of eastern Pennsylvania, but small areas are known in some of the 
Western States, where the coal has been changed to anthracite by the 
heat or pressure of intruded masses of igneous rocks. 

Semianthracite coal. — Semianthracite coal is regarded in the trade 
as the lowest grade of anthracite. It resembles anthracite in that 
it is distinctly harder than ordinary bituminous coal and has some of 
the vitreous luster of the higher-grade coal. Its fuel ratio is supposed 
to range from 6 or 7 to 10. These limits are arbitrary, however, and 
are intended to represent the distinctions made in the trade, but as 
stated in the description of analyses from Virginia, it is very uncertain 
whether the lower limit should be fixed by some arbitrary fuel ratio 
or whether it should be determined by the physical properties of tho 
coal in conjunction with its fuel ratio. This question can be answered 
only by a more thorough study of this kind of coal than has yet been 
given to it and the collection of more analyses bearing on the question. 
There is only a small amoimt of semianthracite in the United States. 
It occurs in isolated basins along the eastern front of the great Appar 
lacluan trough, where the rocks have been subjected to great pressures, 
or in the West in the proximity of igneous rocks. 
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Semibiluminous coal. — Semibituminoiis coal is of groat commercial 
importanco but is not widely distributed. Its fuel ratio ranges from 
3 to 6 or 7y and on account of its relatively high fixed carbon it is gen- 
erally known to the trade as '' smokeless" coal. It has the highest 
calorific value and is the best coal of the country for the generation of 
steam. Much of it can be utilized for the manufacture of coke, but 
for this use it is not best suited, for the reason that the amount of 
volatile matter is scarcely sufficient to bind the particles of carbon 
together into a firm and homogeneous coke. The centers of produc- 
tion of semibituminous coal are the Pocahontas and New River fields 
of Virginia and West Yix^ginia, the Georges Creek field of Maryland, 
the Windber field of Pennsylvania, and the west end of the Arkansas 
field, in the vicinity of Fort Smith. Coal of this rank has been foimd 
in the West, especially in Washington, but the areas are small and the 
output comparatively insignificant. 

Bituwinofis coal. — ^Bituminous coal is the most generally useful and 
important rank of coal in the country and includes most of the coals 
east of the Rocky Mountains. In the Western States there are large 
areas of bitimiinous coal, such as the Raton Mesa r^on of Colorado 
and New Mexico; the Grand Hogback field of Colorado; the Book 
Cliffs field of Utah; the Rock Springs, Kemmerer, and Black Hills 
fields of Wyoming; the Great Falls field of Montana; the Eden Ridge 
field in Coos County, Oreg. ; and many districts in Washington. Coal 
of this rank furnishes most of the coking coal of the country and is 
largely used for steam raising and for domestic purposes. 

SubbUuminous coal. — ^The name ''subbituminous" has been 
adopted by the Geological Survey for that rank of coal which has gen- 
erally been called " black lignite." The term lignite for coal of this 
kmd is objectionable, for the reason that it is not lignitic in the 
sense of being perceptibly woody, and the use of that term seems to 
imply that it is little better in quality than the brown, woody lignite 
of North Dakota or Texas, whereas many of the coals of this rank 
closely approach bituminous coal in quality. It is, in fact, extremely 
difficult to say where the line separating coal of this rank from the 
lignite below and the bitmninous coal above should be drawn. It is 
generally distinguishable from the lignite by its black color and its 
freedom from apparent woody structure, and from bituminous coal 
by the slacking it undergoes when exposed to the weather. As slack- 
ing is an important difference in commercial use, it has been adopted 
by the Greological Survey as the criterion for the separation of sub- 
bituminous and bituminous coals. 

Subbitimiinous coal is foimd in most of the Western States, being 
well known in the Boulder, North Park, and Yampa fields, Colorado; 
the Gallup field, New Mexico; the Hanna, Douglas, Sheridan, and 
Bighorn Basin fields, Wyoming; the Red Lodge and Musselshell 
fields, Montana; and many of the districts of Washington and Oregon. 
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Lignite. — ^The word "lignite," as used by the Geological Survey, 
is restricted to coals that are distinctly brown and generally woody. 
Lignite is characterized by the great amount of water that it carries 
and is intermediate in quality between peat and subbituminous coal 
It is abui^dant in eastern Montana and North Dakota and in the 
northwest comer of South Dakota. In th'b South it is conunerciaDv 
developed only in Texas, but it is known to be present in small quan- 
tities in the other Gulf States as far east as Alabama. 

DESCRIPTION OF SAMPLES. 
COLOBABO. 



SLBSXT OOUVTT. 

IMtS. Subbituminotu coal from strip 
int of Wright Barker, sec. 21, T. 10 S., 
R. 58 W., 4 miles east of Mattison station, 
on Chicago, Rock Island & Pacific Rail- 
road. Pit worked only to supply local 
demands. Ck>al bed, Upper Cretaceous 
age; Laramie formation. Sample only 
slightly weathered; cut at back end of 
pit September 28, 1914, by M. R. Camp- 
bell. Section is as follows: 

Fest 

Coal and carbonaceous shale 3 

Coal, soft 2 

Coal, hard (sampled) 5 

Coal, hard 4 



LA PLATA OOUVTT. 



14 



MN8. Bituminous coal from drift mine 

of Andrew Hauert, in sec. 7, T. 35 N., R. 

12 W., 6 miles southeast of Mancoe station 

on Rio Grande Southern Railroad. Coal 

bed, Spencer; Upper Cretaceous age; 

Mesaverde formation. Roof and floor are 

shale and sandstone. Sample cut 60 feet 

from mouth November 14, 1914, by A. J. 

Collier. Section at point sampled is as 

follows: 

in. 

4 

10 

1 

i 
2 

3 

9 



Ft. 
1 



Coal 

Shale 

Coal (sampled) 1 

Shale (sampled) 

Coal (sampled) 1 

Coal, bony (sampled) 

Coal (sampled) 2 



^ 



UOVnZUMJL COUHTT. 



taS67. Bituminous coal from drift mine 
of 6. S. Todd, in sec. 25, T. 35 N., R. 16 
W., 6 miles southeast of Cortez and 18 
miles southwest of Mancos station, on Rio 



Grande Southern Railroad. .Coal bed, 
Spencer; Upper Cretaceous age; Uem- 
verde formation. The bed dips about 
2^ S. Roof and floor are shale and sand- 
stone. Sample cut in room on left 85 
feet from mine mouth October 28, 1914. 
by A. J. Collier; represents 3 feet 11 
inches of coal, entire thickness of bed. 

M4t8. Bituminous coal from Old Spa- 
cer (drift) mine of E. J. Freeman, in ser. 
3, T. 35 N., R. 13 W., 2 miles southeast of 
Mancoe station, on Rio Grande Southen 
Railroad. Coal bed, Peacock; Upper 
Cretaceous age; Mesaverde formation. 
Roof is sandstone and floor is shale. Sun- 
pie cut in north entry 700 feet from mine 
mouth October 8, 1914, by A. J. Collier; 
represents 2 feet 4 inches of coal, entiie 
thickness of bed. 

tasaa. Bituminous coal from same mine 
as No. 20498. Coal bed, Spencer; Upper 
Cretaceous age; Mesav^tie formation. 
Roof is shale and floor is sandstone . Sam- 
ple cut in right eotry 500 feet from wine 
mouth October 9, 1914, by A. J. Collier. 
Section at point sampled is as follows: 



Ft 



1 
6 

4 



Coal, Spencer (sampled) 3 

Coal, bony 

Sandstone 35 

Coal (Peacock) 2 

IT 11 

Bituminous coal from drift mine 
of Spencer & Fielding, in sec. 2, T. 35 N.f 
R. 13 W., 2 miles southeast of Itocoe 
station, on Rio Grande Southern Railroad. 
Coal bed, Spencer; Upper Cretaceous age; 
Mesaverde formation. Roof and floor 
are shale. Sample cut in right entry 400 
feet from mine mouth October 8, 1914, by 
O. B. Hopkins; represents 2 feet 9 inches 
of coal, entire thickness of bed. 
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XOHTAHA. 



ojuyunAif uoujiTf • 



Sabhitnmiiious coal from the 

mine of John Deda, in sec. 6, T. 24 N., 

R. 13 E., 16 miles southeMt of Viigelle 

station, on Gieat Falls bianch of Great 

Northern Railway. Coal bed. Upper 

Cretaceons age; Eagle sandstone. Roof 

and flocv are shale. Sample taken in 

entry abont 175 feet southeast of mine 

month Angost 28, 1914, by £. Rnssell 

Lloyd. Section at point sampled is as 

follows: 

Ft In. 

Coal (sampled) 7J 

Bone 2i 

Coal (sampled) 1 8 

2 6 

IflM. Subbituminons coal from mine 
of Price Sexton, in sec. 17, T. 24 N., R. 
13 E., 20 miles southeast of Viigelle 
station, on Great Falls branch of Great 
Northern Railway. Coal bed, Upper 
Cretaceous age; Eagle sandstone. The 
roof and floor are flhale. Sample cut 50 
feet south of mine mouth September 4, 
1914, by E. Russell Lloyd; represents 1 
foot 5 inches of coal, entire thickness of 
bed. Coal sli^tly weathered. 

DAWBOV OOUBTS. 

19iSS. Subbituminous coal from Foster 
proflpect, on Big Dry Creek in sec. 18, 
T. 18 N., R. 38 E., 1 mile west of Jordan, 
a small town 90 miles northwest of Miles 
City, which is on the Chicago, Milwaukee 
& St. P^ul and Northern Pacific railways. 
Coal bed, no name; Tertiary (Eocene) 
age; Fort Union formation. Roof is 
sandatone and floor is shale. Sample 
taken from side wall of drift 50 feet from 
mouth and 15 feet from face of drift 
October 4, 1914, by C. F. Bowen. The 
coal was dry and probably slightly 
weathered. Section at point sampled is 
as follows: 

Ft. in. 

Coal 2J 

Shale, carbonaceous 2 

Coal 2 

Sandstone ) 

Coal 1 3 

Shale 8 

Coal (sampled) 2 4 



Shale.. ^ 

Coal (sampled). 

Bone 

Coal (sampled), 



FAzxov comrrr. 



Ft. Ib* 
2 
5J 

8 
6 3 



ttnt. Lignite from the open-cut mine 

of G. A. Homer, in sec. 12, T. 3 S., R. 62 

E., 4} miles northwest of Camp Crook, 

S. Dak., a small inland town 00 miles 

southwest of Bowman, S. Dak., a station 

on the Chicago, Milwaukee & St. Paul 

Railway. Coal bed, Rerr; Tertiary 

(Eocene) age; Fort Union formation. 

The bed lies flat. Roof is sandstone and 

floor is clay. Sample cut at face of an 

open pit November 24, 1914, by E. M. 

Parks. Section at point sampled is as 

follows: 

Ft,* in. 

Lignite, poor (sampled) 4 

Lignite, brown, woody (sampled).. 1 7 

Bone (sampled) 1 

Lignite (sampled) 6 

Lignite, bony 6 

Lignite (sampled) 1 2 

Clay 5} 

Lignite (sampled) 4 

Clay i 

Lignite (sampled) 8} 

5 8) 

20872* Lignite from the open-cut mine 
of J. S. Kerr, in sec. 11, T. 3 S., R. 62 E., 
4i miles northwest of Camp Crook, S. Dak., 
a small town 60 miles southwest of Bow- 
man, a station on the Chicago, Milwaukee 
& St. Paul Railway. Coal bed, Kerr; 
Tertiary (Eocene) age; Fort Union forma- 
tion. Bed lies flat. Roof and floor are 
shale. Sample taken at surface of an 
open pit November 24, 1914, by E. M. 
Parks. Section at point sampled is as 

follows: 

Ft. to. 

Lignite, brown, woody (sampled). 2 4 

Lignite, shaly (sampled) 7 

Lignite, brown, woody (sampled). 11 

Shale (sampled) } 

Lignite (sampled) 8 

Shale 1| 

Lignite, brown 1 3 



5 Hi 
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V% In 

Goal (ampled) 11 

Sandkone li 

Coal (ounpled) 6 3 

7 3) 

If tM» SubbitiimiiioiiB ooal from same 
mine M No. 19131. Coal bed, No. 5; 
Upper Cretaceoua age; Mesaverde forma- 
tion. Bed dipe 12'' NW. Roof and floor 
are Aale. Sample dry; cut 1,300 feet 
N. 55*' W. of mouth of No. 5 slope April 8, 
1914, by C. T. Lupton. Section at point 
■unpled is ae follows: 

Ft. in. 

Goal, bony 5 

Goal 4 

Coal, bony 1 2 

Coal (aunpled) 5 3J 

7 2J 

1913S. Compoaite> of samples 19133 and 
19134. 

191M. Subbitnminous coal from Bart- 

lett (shaft) mine of Victor-American Fuel 

Co., in the NE. i sec. 9, T. 15 N., R. 18 

W., 1) miles north of Gallup, on spur of 

Atchison, Topeka & Santa Fe Railway. 

Coal bed, Black Diamond (?); Upper 

Cretaceous age; Mesaverde formation. 

Roof and floor are shale. Bed dips 11® 

W. Sample dry; cut 430 feet south of 

shaft landing April 8, 1914, by C. T. 

Lupton. Section at point sampled is as 

follows: 

Ft. in. 

Coal (sampled) 2 3 

Sandstone 1} 

Coal (sampled) 1 8 

Bone 2 

Coal (sampled) 1 9 

5 11) 

191J7. SubbituminouB coal from 
Weaver (slope) mine of Victor-American 
Fuel Co., at Gibson, N. Mex., on a branch 
of the Atchison, Topeka & Santa Fe 
Railway, in the NE. i sec. 34, T. 16 N., 
R. 18 W., 3 miles north of Gallup. Coal 
bed, No. 2; Upper Cretaceous age; Mesa- 
verde formation. Roof is sandstone 

lAnunpl* obtained in the laboratory by thor- 
oughly mixing equal weights ci two or more face 



ntinued. 

and floor is ehale. Bed dijM 11® N. 
Sample dry; cut 3,900 feet N. 6* W. of 
mine mouth April 7, 1914, by G. T. 
Lupton ; represents 3 feet 8 inches of coal, 
entire thickness of bed at point sampled. 

IflSS. Subbituminous coal from same 
mine as No. 19137. Coal bed, No. 3; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is 
shale. Bed dips 7® N. Sample dry; 
cut 3,450 feet N. 12'' W. of mine mouth 
April 7, 1914, by C. T. Lupton; repre- 
sents 4 feet 11 inches of coal, entire thick- 
ness of bed. 

Itl3t. Subbituminous coal from same 
mine as No. 19137. Coal bed, No. 3}; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is shale. 
Sample dry; cut 2,750 feet N. 2<* W. of 
mine mouth April 7, 1914, by C. T. Lup- 
ton. Section at point sampled is as 
follows: 

Ft. in. 

Coal, bony (sampled) 11 

Coal (sampled) 7 

Bone 6 

Coal (sampled)..... 3 8 

5 8 

tn4$m Subbituminous coal from same 
mine as No. 19137. Coal bed, No. 5; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is 
shale. Sample dry; cut 2,800 feet N. 42** 
W. of mine mouth April 7, 1914, by C. T. 
Lupton. Section at point sampled is as 
follows: 

Ft in. 

Bone 5^ 

Coal, bony 5 

Coal (sampled) 5 2 

6 i 

ItltS. Subbituminous coal from (lallup 
Southwestern mine of Gallup Coal Mining 
Co.,intheSE.}sec.21,T.15N.,R.18W., 
1 mile south of Gallup, on spur of Atchi- 
son, Topeka & Santa Fe Railway. Coal 
bed, Black Diamond; Upper Cretaceoua 
age; Mesaverde formation. Roof is sand- 
stone and floor is shale. The bed dips 
20° W. Sample dry; cut 1,200 feet south 
of mine mouth April 10, 1914, by C. T. 
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Lupton. Section of coal bed at point 

sampled ia as follows: 

PL In. 

Coal 2 

Bone 2 

Coal (sampled) 10 

Bone IJ 

Sandstone 2 

Coal (sampled) 3 11 

5 4i 

ItlM. Subbitumlnous coal from mine 
of Dominic Carreto, in the SW. } sec. 14, 
T. 15 N., R. 18 W., li miles east of 
Gallup station, on Atchison, Topeka A 
Santa Fe Railway. Coal bed, Otero (?); 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is 
shale. Sample dry; cut 350 feet S. 15"" 
E. of mine mouth April 10, 1914, by C. T. 
Lupton. Section at point sampled is as 

follows: 

Ft In. 

Coal 4 

Shale 3 

Coal (sampled) 3 2 

3 9 

19S1S. Subbitumlnous coal from mine 
of Myers Bros., in the SE. \ sec. 21, T. 
15 N., R. 19 W., 8 miles west of Gallup 
station, on Atchison, Topeka & Santa Fe 
Railway. Coal bed, Myers; Upper Cre- 
taceous age; Mesaverde formation. Roof 
and floor are shale. Bed dips 3^ NE. 
Sample dry; cut 205 feet N. 45^ W. of 
mine mouth April 15, 1914, by C. T. 
Lupton. Section at point sampled is as 

follows: 

Ft. In. 

Coal, hard and very bony 3 

Coal, slightly bony (sampled) 2 

Coal (sampled) 2 4 

Bone 1 



2 10 

19217* Subbituminous coal from Dia- 
mond (shaft) mine of Diamond Coal Co., 
in the SW. i sec. 18, T. 15 N., R. 18 W., 
at Allison, on spur of Atchison, Topeka & 
Santa Fe Railway. Coal bed, Aztec (?); 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is bone and coal; floor is 
sandstone. Bed is flat. Sample dry; 
cut about 2,600 feet N. dd"" W. of shaft 



landing April 14, 1914, by C. T. Lupton. 
Section at point sampled is aa follows: 

Ft in. 

Coal (sampled) I 4 

Bone i 

Coal (sampled) 2 8^ 

4 1 

19tl8. Subbituminoua coal from same 
mine as No. 19217. Coal bed, Aztec (?); 
Upper Cretaceous age; Mesaverde forma- 
tion. Bed dips 3"^ N. Sample dry; cut 
1,400 feet S. 85"" W. of shaft landing April 
14, 1914, by C. T. Lupton. Section it 
point sampled is as follows: 



FL to. 
.... 1 
3 
6 
7i 

Coal (sampled) II 

Coal, bony 4 

Coal (sampled) 2 3 



Coal (sampled) 

Bone.' 

Coal, bony 

Coal (sampled) 
Bone 



5 11 



liSlt. Subbituminous coal from same 

mine as No. 19217. Coal bed, Aztec (?); 

Upper Cretaceous age; Mesaverde fonna- 

tion. Roof is shale and sandstone and 

floor is shale. Bed dips 2"" S. 70^" E. 

Sample dry; cut 3,300 feet N. 45** E. of 

shaft landing April 14, 1914, by C. T. 

Lupton. Section at point sampled is as 

follows: 

Ft In. 

Coal and bone interbedded 1 

Coal (sampled).. U 

Bone } 

Coal (sampled) 3 9 

Bone 31 

Coal (sampled) 2 2J 

8 2} 

19299. Composite of samples 19217, 
19218, and 19219. 

19221. Subbituminous coal from mine 
of A. Jones d Co., in the NW. i sec. 22, 
T. 15 N., R. 19 W., 7 miles slightly south 
of west of Gallup station, on Atchison, 
Topeka & Santa Fe Railway. Coal bed, 
Defiance; Upper Cretaceous age; Meear 
verde formation. Roof and floor are 
shale. Sample damp; cut 250 feet north 
of mine mouth April 11, 1914, by 0. T. 
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HBW 



1^ «f» ■ 



Lopton; ro p roncn ta 2 feet 6 iDcfaes of 
coil, entile thickneas of bed. 

W3BL Subbitmninoufl coal from shaft 
mine of John Beddow, in the 8W. i sec. 
8, T. 15 N., R. 18 W., 1| miles nortiiweet 
of Ckdlup station, on Atchison, Topeka A 
Santa Fe Railway. Goal bed, Aztec (?); 
Upper Cretaceous age; Mesaveide forma- 
tion. Roof is sandstone and floor is shale. 
Bed dips 2"" E. Sample dry ; cut 300 feet 
west of shaft landing April 14, 1914, by 
G. T. Lupton; represents 3 feet 10} 
inches of coal, entire thickness of bed. 

IMS. Subbituminous coal from De- 
fiance mine, in the NE. { sec. 16, T. 15 N ., 
R. 19 W., 6 miles west of Gallup and about 
2 miles north of Atchison, Topeka & Santa 
Fe Railway. Goal bed, Defiance; Upper 
Cretaceous age; Mesaverde formation. 
Roof is sandstone and floor is shale. Bed 
dips 4"* £. Sample dry; cut about 880 
feet N. 85^ E. of mine mouth April 11, 
1914, by G. T. Lupton; represents 5 feet 
^ inches of coal, entire thickness of bed. 

WS$* Subbituminous coal from 
Heaton (slope) mine of Victor- American 
Fuel Co., in the NW. J sec. 35, T. 16 N., 
R. 18 W., 4 miles northeast of Gallup, on 
spur of Atchison, Topeka & Santa Fe 
Railway. Goal bed. No. 2; Upper Cre- 
taceous age; Mesaverde formation. Roof 
and floor are shale. Sample dry; cut 
2,300 feet N. 30"* W. of slope mouth April 
23, 1914, by G. T. Lupton; represents 2 
feet U inches of coal, entire thickness of 
bed. 

11287. Subbituminous coal from same 
mine as No. 19286. Goal bed. No. 3}; 
Upper Cretaceous age; Mesaverde forma- 



ntinaed. 

tion. Roof and floor are shale. Sample 
dry; cut 3,300 feet N. 15"* W. of mine 
mouth April 23, 1914, by G. T. Lupton; 
represents 3 feet 11 inches of coal, entire 
thickness of bed. 

tms. Subbituminous coal from same 
mine as No. 19286. Goal bed. No. 3; 
Upper Cretaceous age; Mesaverde forma- 
tion. Sample dry; cut 4,000 feet N. 37'' 
W. of mine mouth April 23, 1914, by C. T. 
Lupton. Section at point sampled is aa 

follows: 

Ft. in. 

Coal, bony 7 

Coal (sampled) 2 4 

Goal, bony 8 

Goal (sampled) 5 

4 

BOCOUtO COUHTT. 

2ttt7. Bituminous coal from prospect 
drift in sec. 8, T. 2 N., R. 6 W., about 32 
miles northwest of Magdalena station, on 
a branch of Atchison, Topeka A Santa Fe 
Railway. Coal bed, no name; upper 
Cretaceous age; Mancos (?) shale. Roof 
is sandstone and floor is shale. Bed dips 
4^ SW. Sample wet; taken at face of 
drift 15 feet long, which was made at the 
time of sampling, October 22, 1914, by 
Dean E. Winchester. Section at point 
sampled is as follows: 

Ft. In. 

Coal 9 

Shale 4 

Coal (sampled) 1 2 

Shale 4 

Coal (sampled) 1 9 

4 4 



NOBTH DAKOTA. 



MOBTOV OOUHTT. 



19786. Lignite from open-cut mine of 
T. A. Ramsland, in the NW. J sec. 6, T. 
137 N., R. 86 W., 5 miles southwest of 
Almont station, on Northern Pacific 
Railway. Coal bed, no name; Tertiary 
(Eocene) age; Fort Union formation. 
Sample cut from south wall of open pit 
August 24, 1914, by E. T. Hancock. Sec- 
tion at point sampled is as follows: 



Ft in. 

Lignite (sampled) 3 11 

Lignite 1 8 

Shale, brown 4i 

Lignite 10 

6 9) 

19861* Lignite from mine in SW. \ sec. 
32, T. 138 N., R. 84 W., 8 miles south and 
2 miles west of Judson station, on North- 
em Pacific Railway. Coal bed , no name ; 
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Tertiaiy (Eocene) age; Fort Union for- 
mation. Bed lies flat. Roof is sandstone 
and floor is shale. Sample wet; cut 70 
feet N. 15^ W. of shaft landing September 
7, 1914, by E. T. Hancock. Bed is 6 feet 
8 inches thick, but as part of bed was 
weathered, sample represents only 4 feet 
2 inches of the lower part of the bed. 

JM033* Lignite from mine (slope) of 
Dakota Products Co. , in sec. 15, T. 139 N., 
R. 86 W., on spur of Northern Pacific 
Railway, half a mile northeast of New 
Salem, N. Dak. Coal bed, no name; Ter- 
tiary (Eocene) age ; Fort Union formation. 



Roof is lignite and floor is shale. Bed 
lies flat. Sample wet; cut 2,040 feet 
northwest of mine mouth October 23, 
1914, by E. T. Hancock. Section at 
point sampled is as follows: 

Ft. In, 

Lignite (sampled) 1 4 

Lignite, shaly (sampled) 1 4 

Lignite (sampled) 3 1 



This section represents only the lower 
part of the bed, as the roof of the mine is 
composed of lignite. 



OHIO. 



BELXOHT COXnrTY. 



20174. Bituminous coal from mine of 
J. H. Milhoan, in sec. 7, T. 7 N., R. 5 W., 
Goshen Township, 1) miles northeast of 
Hunter, 5 miles south of Bethesda sta- 
tion, on Baltimore & Ohio Railroad. Coal 
bed, Waynesbutg; Carboniferous (Penn> 
sylvanian) age; Monongahela formation. 
Roof and floor are shale. Sample dry; 
cut 50 feet south of mine mouth Novem- 
ber 21, 1914, by D. Dale Condit. Section 

at point sampled is as follows: 

Ft In. 

Coal (sampled) 2 li 

Bone (sampled) 1^ 

Coal (sampled) 11 

3 2 
2017(L Bituminous coal from mine of 
Thomas Davy, in sec. 20, T. 8 N., R. 6 W., 
Warren Township, 1 mile southwest of 
Bamesville station, on Baltimore db Ohio 
Railroad. Coal bed, Meigs Creek (Se- 
wickley); Carboniferous (Pennsylvanian) 
age; Monongahela formation. Roof is 
coal and floor is shale. Sample dry; cut 
350 feet southwest of mine mouth Novem- 
ber 20, 1914, by D. Dale Condit. Section 

at point sampled is as follows: 

^ Ft. In. 

Coal, impure 10 

Clay 1 2 

Coal (sampled) 3 2 

Bone 2 



5 4 

/M187. Bituminous coal from Cochran 
mine No. 2 of Bixler (Ohio) Coal Co., in 



sec. 31, T. 8 N., R. 6 W., Wanen Town- 
ship, at Baileys Mills, on Baltimore A 
Ohio Railroad 3^ miles southwest of 
Bamesville. Coal bed, Pittsburgh; Car- 
boniferous (Pennsylvanian) age; Monon- 
gahela formation. Roof is shale and floor 
is clay. Sample cut at face of main north 
entry, 1 mile north of mine mouth, No- 
vember 25, 1914, by R. V. A. Mills. Sec- 
tion at point sampled is as follows: 

Ft. In. 

Coal (sampled) 9 

"Sulphur" 1 

Coal (sampled) 2 11 

3 9 

I80188. Bituminous coal from same mine 
as No. 20187. Coal bed, Pittsburgh; Car- 
boniferous (Pennsylvanian) age; Monon- 
gahela formation. Roof is shale and floor 
is clay. Sample cut in room 6 off No. 15 
west entry, three-quarters of a mile north 
of mine mouth, November 25, 1914, by 
R. y . A . Mills. Section at point Sampled 

is as follows: 

Ft. Abl 

CHDal (sampled) 1 1 

"Sulphur" 1 

Coal ; some * * sulphur " (sampled ) . 2 

Coal (sampled) 3 

Bone (sampled) 1 

Coal (sampled) 6 

"Sulphur" (sampled) 1 

Coal (sampled) 2 

4 21 

20189. Composite of samples 20187 and 

20188, 
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ocmI from Jeeffriee 
mine, TempeimiiceviUe, in aec. 33, T. 7 
N., R. 6 W., Somenet Township, 4 miles 
Kmth of BftiieyB ICilk station, on Balti- 
iiKH«& Ohio Railroad. Coal bed, Pitts- 
buig^; Carboniferous (Penney Ivanian) 
age; Monongahela fonnation. Roof is 
shale and floor is clay. Sample dry; cut 
600 feet north of mine month November 
22, 1914, by R. V. A. Milis. Section at 
point sampled is as followB: 

Ft. In. 

Cod(sMnpled) 7J 

"Soot" streak } 

Coal (sampled) 4i 

Bone f 

Coal (sMnpled) 1 7 

"Sulphur" i 

Coal (sampled) 1 



3 Si 

MM. Bitnndnoos ooal from mine of 
Howard ^towHf in sec* 28, T. 6 N., R. 5 
W., Wajme Township, 2 miles southeast 
of Somerton and S miles southeast of 
Bamesville station, on Baltimore A Ohio 
Raiboad. Coal bed, Waynesbuig; Car- 
boniferous (Pennsylvanian) age; Monon- 
gahela fonnation. Sample cut 100 feet 
west of mine month November 24, 1914, 
by D. Dale Condit. Section at point 

ampled is as IoUowb: 

Ft. Id. 

Coal (sampled) 6 

"Sulphur" 1 

Coal (sampled) 1 

"Soot" J 

Coal (sampled) 11 



2 6i 



Bituminous coal from Stoffel 
mine of Nathan Davis, in sec. 27, T. 5 N., 
H. 4 W., Washington Township, 1 mile 
southwest of Alledonia station, on Ohio 
Hiver it Western Railroad (narrow gage). 
Coal bed, Waynesburg; Carboniferous 
(Pennsylvanian) age; Monongahela for- 
mation. Roof and floor are shale. Sam- 
ple dry; cut 60 feet southwest of mine 
mouth November 26, 1914, by D. Dale 



J Condit. Section at point sampled is as 

I follows: 

FU Id 

I Bone 4 

Coal (sampled) 2 5) 

2 9i 

MSn. Bituminous coal from mine ol 
Shipman Bras., in sec. 22, T. 5 N., 
R. 4 W., Washington Township, 1 mile 
north of Alledonia station, on Ohio River 
A Western Railroad (narrow gage). Coal 
be<l, Meigs Creek (Sewickley); Carbonif- 
erous (Pennsylvanian) age ; )f onongabela 
fonnation. Roof is clay and limestone; 
floor is shale. Sample dr>'; cut 40 feet 
west of mine mouth November 26, 1914, 
by D. Dale Condit. Section at point 
sampled is as follows: 



Coal (sampled) 2 1 

Coal, bony cannel (sampled) 2) 

Coal (sampled) 1} 

Clay i 

Coal (sampled) 1 6 

3 11} 

StnS. Bituminous coal from mine of 
S. A. Moore, in sec. 33, T. 5 X., R. 4 W., 
Washington Township, 1} miles south- 
west of Alledonia station, on Ohio River 
A Western Railroad (narrow gage). Coal 
bed, Washington; Carboniferous (Per- 
mian?) age; Washington formation. Roof 
and floor are shale. Sample dry; cut 50 
feet east of mine mouth November 26, 
1914, by D. Dale Condit. Section «t 

point sampled is as follows: 

¥%. In. 

Coal, bony 3 

Coal, bony in lower part (sampled) 2 1 

Clay 8 

Coal (sampled) 11 



3 11 

' 2f241« Bituminous coal from mine of 
George Thomas, in sec. 14, T. 7 N., R. 6 
W., Somerset Township, 2 miles east of 
Boston, 7 miles south of Bamesville sta- 
tion , on Baltimore A Ohio Railroad . Coal 
bed, Waynesburg; Carboniferous (Penn- 
sylvanian) age; Monongahela formation. 
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Boofuauid0t6ne and floor is ahale. Sam- 
ple dry; cut 200 feet south of mine month 
November 24, 1914, by D. Dale Condit. 
Section at point nmpled ia aa follows: 

FL to. 

Coal (sampled) 1 

"Sulphnr" 2 

Coal (sampled) 10 

"Soot" 1 

Coal(aampled) 11 

3 

9977S* Bituminous coal from prospect 
of Peter Kemp, in sec. 1, T. 7 N., R. 5 W., 
Goshen Township, 2 miles east of Hunter 
and 5 miles southeast of Bethesda station, 
on Baltimore & Ohio Railroad. Coal bed, 
Uniontown; Carboniferous (Pennsylvar 
nian) age; Monongahela formation. Roof 
and floor are clay. Sample dry and 
weathered ; cut 20 feet west of mine mouth 
November 21, 1914, by D. Dale Condit. 
Section at point sampled is as follows: 

ft. In. 

Coal (sampled) 2 6 

Shale 1 

Coal (sampled ) 3 

Shale 6 

Coal (sampled) 7 



3 10 



QVMMMBMY COXnTTT. 



M178* Bituminous coal from mine of 
Samuel Sayre, in sec. 21,T. 9N., R. 7 W., 
Millwood Township, 1) miles northwest 
of Quaker City station, on Baltimore & 
Ohio Railroad. Coal bed, Pittsbuigh; 
Carboniferous (Pennsylvanian) age; Mo- 
nongahela formation. Roof is shale and 
floor is clay. Sample dry; cut 250 feet 
east of mine mouth November 20, 1914, 
by D. Dale Condit. Section at point 

sampled is as follows: 

Ft. In. 

4 

9 

1 

1 8 

i 

3i 

i 



Coal, bony 

Coal (sampled). 
"Sulphur".... 
Coal (sampled). 

Shale 

Coal (sampled) 
Shale 



Coal (sampled) 11 



4 IJ 



MMS. Bituminous coal from mine of 
Andy Slovak, in sec. 11, T. 8 N., R. 9 W., 
Valley Township, 1 mile southeast of 
Hartfoid, on spur of Baltimore & Ohb 
Railroad. Coal bed, Andenon (Bakefs- 
town); Carboniferous (Pennsylvanian) 
age; Conemaugji formation. Roof is 
sandstone and floor is shale. Sample 
cut 75 feet east of mine mouth November 
27, 1914, by D. Dale Condit; represents 
1 foot 10 inches oi coal, entire thickness 
of bed. 

2tStf» Bituminous coal fran Wald- 
bonding No. 2 (shaft) mine of Cambridge 
Colliery Co., in sec. 11, T. 8 N., R. 9 W., 
Valley Township, 1 mile southeast of 
Hartford, on spur of Baltimore & Ohio 
Railroad. Coal bed. Upper Freeport; 
Carboniferous (Pennsylvanian) age; Al- 
legheny formation. Roof is shale and 
floor is clay. Sample cut 600 feet south- 
east of shaft landing November 27, 1914, 
by D. Dale Condit. Section at point 

sampled is as follows: 

Ft in. 

Coal (sampled) 2 

"Soot" (sampled) i 

Coal (sampled) 8 

"Soot" i 

Coal (sampled) 2 

"Soot" i 

Coal (sampled) 7 

"Soot" (sampled) J 

Coal (sampled) 8 

Clay I 

Coal (sampled) 6 

Bone IJ 

Coal (sampled) 1 2 

6 } 

M249* Bituminous coal from same mine 
as No. 20245. Coal bed, Upper Freeport; 
Carboniferous (Pennsylvanian) age; Alle- 
gheny formation. Roof is shale and floor 
is clay. Sample cut 3,400 feet northwest 
of shaft landing November 27, 1914, by 
D. Dale Condit. Section at point sam- 
pled is as follows: 

It to. 

Coal (sampled) 1 9 



"Soot" 

Coal (sampled) 

"Soot" (sampled) 
Coal (sampled) 



1 6 



i 

ft 

i 
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Ft. in. 
"Soot" i 

Goal (ninpled) 9 

Bone 1 

Coal (Munpled) 10 

MI7* Composite of Bftmples 20245 uid 
20246. 

WMm Bitomiiioiis coal from Cleve- 
land (fliuift) miiie of MorriB Coal Co., in 
aec. 21, T. 1 N., R. 2 W., Richland 
TownAip, a quarter of a mile southeast 
of SenecaviUe, on branch of Baltimore & 
Ohio Railroad. Coal bed, Upper Free- 
port; Carboniferous (Pennsylvanian) 
age; Allegheny formation. Roof is shale 
and floor is clay. Sample cut in room No. 
5 east off main north entry, 5,200 feet east 
of shaft landii^, November 28, 1914, by 
D. Dale Condit. Section at point sam- 
pled is as follows: 

Ft. In. 

Cool (sampled) 1 6 

"Soot" (sampled) i 

Coal (sampled) 8 

Bone 1 

Coal (sampled) 7 

"Soot" (sampled) J 

Coal (sampled) 4 

"Soot" (sampled) } 

Coal (sampled) 8 

Bone 2 

Coal (sampled) 9 

"Soot" i 

Coal (sampled) 4 

"Soot" Tk 

Coal (sampled) 9 

5 111 
MM. Bituminous coal from same mine 
as No. 20261. Coal bed, Upper Free- 
port; Carboniferous (Pennsylvanian) age; 
Allegheny formation. Roof is shale and 
floor is clay. Sample cut 10,500 feet 
north of shaft landing November 28, 
1914, by D. Dale Condit. Section at 

point sampled is as foUovB: 

Ft in. 

Coal (sampled) 8 

"Soot" (sampled) i 

Coal (sampled) 1 

"Soot" (sampled) i 

Coal (sampled) 7 

98867*'— Bull. 621—16 18^ 



Ft. In. 
Bone } 

Coal (sampled) 6 

"Soot" (sampled) j 

Coal (sampled) 8 

"Soot" (sampled) j 

Coal (sampled) 6 

Bone 2 

Ck)al (sampled) 4 

Bone 1 

Coal (sampled) 7 

5 3i 

Mm. Composite of samples 20261 and 
20262. 

9tM#. Bituminous coal from Black Top 
(shaft) mine of Morris Coal Co., in sec. 8, 
T. 1 N., R. 2 W., Richland Township, 1 
mile west of Lore City, on spur of Balti- 
more & Ohio Railroad. Coal bed, Upper 
Freeport; Carboniferous (Pennsylvapian) 
age; All^heny formation. Roof ia shale 
and floor is clay. Sample dry; cut in No. 
23 east entry, off main south entry, 6,200 
feet S. lb"" E. of shaft landing, Novem- 
ber 28, 1914, by D. Dale Condit. Section 
at point sampled is as follows: 

Ft In. 
Coal (sampled) 2 6 

Coal, bony (sampled) IJ 

Coal (sampled) 1 24 

Bone 2 

Coal (sampled) 10 

4 10 

2tSM6« Bituminous coal from same mine 
as No. 20264. Coal bed. Upper Freeport; 
Carboniferous (Pennsylvanian) age; Alle- 
gheny formation. Roof is shale and floor 
is clay. Sample dry; cut near end of 
main south entry, 7,300 feet S. 12** W. of 
shaft landing, November 28, 1914, by D. 
Dale Condit. Section at point sampled 
is as follows: 

Ft In. 
Coal (sampled) 2 3 

Coal, bony (sampled) 2} 

Coal (sampled) i 7 

Bone 2J 

Coal (sampled) l 9 

6 

202M, 6ompo8ite of samples 20264 and 
20265. 
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JXimSOV COXFHTT. 



iS9Hm BituminoiiJB coal from Amster- 
dam mine of Youghiogheny A Ohio Coal 
Co., in SW. i sec. 18, T. 11 N., R. 4 W., 
half a mile south of Amsterdam. Sampled 
December 27, 1912, by D. Dale Condit. 
Composite of Nos. 15388, 15389, and 
15390.> 

lS3tS« Bituminous coal from Eastern 
Ohio mine of Rice Coal Co., in the NE. 
} sec. 8, T. 12 N., R. 4 W., 2 miles north- 
east of Amsterdam. Sampled December 
28, 1912, by D. Dale Condit. Composite 
of Nos. 15391, 15392, and 15393.' 

15442. Bituminous coal from Eliza- 
beth mine of Wolf Run Coal Co., in the 
SE. J sec. 7, T. 12 N., R. 4 W., IJ miles 
east of Amsterdam. Sampled December 
30, 1912, by D. Dale Condit. Composite 
of Nos. 15440 and 15441. ' 

15446. Bitimunous coal from Parlett 
mine of EtU Coal Co., in SE. i sec. 32, T. 
9 N., R. 3 W., 2 miles southeast of Hope- 
dale. Sampled December 31, 1912, by 
D. Dale Condit. Composite of Nos. 
15444 3 and 15445.' 

15M5. Bitimilnous coal from Goucher 
No. 2 mine of Dexter Coal Co., in the SE. 
J sec. 6, T. 5 N., R. 2 W., 1} miles north- 
west of Brilliant. Sampled January 4, 
1913, by D. Dale Condit. Composite of 
Nos. 15563 and 15564.' 

Mov&ox coinrTT. 

9tsn. Bituminous coal from mine of 
Charles Mobley, in sec. 31, T. 4 N., R. 4 
W., Adams Township, 2) miles east of 
Coats station, on Ohio River A Western 
Railroad (narrow gage) . Coal bed , Union- 
town; Carboniferous (Pennsylvanian) age; 
Monongahela formation. Roof and floor 
are shale. Sample cut 40 feet east of 
mouth November 27, 1914, by D. Dale 

1 For analyaM of original samples see U. 8. Qeol. 
Survey Bull. £31, pp. 344-^46, 1913. 

s Tbe thJckness of the ooal bed represented by 
sample 15444 is 4 feet 6 inches instead of 2 feet 6 
inches, as stated by a typographic error in Bulletin 
631, p. 346. 



Condit. Sample dry. Section at point 
sampled is as follows: 

Ft in. 

Coal, bony at top (sampled) 1 7 

Shale 3^ 

Coal (sampled) lOJ 

Shale 2 

Coal (sampled) 6 



3 5 



voBLx oomrrr. 



2it8S« Bituminous coal from mine of 
G. W. Griffin, in sec. 11, T. 8 N., R. 7 W., 
Beaver Township, 3 miles southeast of 
Quaker City station, on the Baltimore & 
Ohio Railroad. Coal bed, Meigs Creek 
(Sewickley); Carboniferous (Pennsylva- 
nian) age; Monongahela formation. Roof 
and floor are shale. Sample dry; cut 350 
feet west of mine mouth November 22, 
1914, by D. Dale Condit. Section at 
point sampled is as follows: 

Ft In. 

Coal (sampled) 2 5 

Clay 2 

Coal (sampled) 1 2 



2IKS35. Bituminous coal from mine of 
Wiley Carter, in sec. 33, T. 8 N., R. 8 W., 
Seneca Township, 1 mile north of Mount 
Ephraim station on Ohio River A Western 
Railroad (narrow gage). Coal bed, Meigs 
Creek (Sewickley); Carboniferous (Penn- 
sylvanian) age; Monongahela formation. 
Roof and floor are shale. Sample cut 300 
feet west of mouth November 26, 19H, 
by D. Dale Condit. Section at point 
sampled is as follows: 

Coal (sampled) 

"Soot" 

Coal (sampled) 

"Soot" 

Coal (sampled) 



Ft 


in. 




11 




! 




10 




1 


1 


4 



3 21 

90240. Bituminous coal from mine of 
J. T. Moore, in sec. 11, T. 7 N., R. 8 W., 
Marion Township, 1 mile west of Steam- 
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town Mition, on Ohio River A Westeni 
Railntd (narrow ga^e). Coal bed, Meiga 
Oeek (Sewickley); Carbonileroua (Penn* 
sylvanian) age; Monongahela formation. 
Roof is clay and floor ia ahale. Sample 
cut 480 feet aoath of mine month Novem- 
ber 26, 1914, by D. Dale Condit. Section 
at point ampled ia as followa: 



Pt 



Coal (sampled) 

"Soot" 

Coal (sampled) 2 

"Soot" 

Coal (sampled) 1 



In. 
11 



i 



CXAXO OOtniTT. 

tniL Bituminoua coal from strip pit 
of J. A. Mills, in sec. 28, T. 28 N., R. 20 
E., 4 miles west of Welch station, on Mia- 
aoari, Kansas A Texas Railway. Coal 
bed, no name; Carboniferous (Pennsylva- 
nian) age; Cherokee formation. Roof is 
afaale and floor is clay. Sample cut in 
iace of open pit December 12, 1914, by 
Carl D. Smith; sample represents 2 feet 
2 inches of coal, entire thickness of bed. 
Wl$m Bituminous coal from drift mine 
of James Coates in sec. 26, T. 27 N., R. 
20 £., 4 miles west of Bluejacket station 
on Missouri, Kansas A Texas Railway. 
Coal bed, no name; Carboniferous (Penn- 
ay Iranian) age; Cherokee formation. 
Roof is shaly sandstone and floor is clay. 
Sample cut just of! east side of main 
entry, dOO feet from mine mouth, Decem- 
ber 13, 1914, by Carl D. Smitli; repre- 
sents 3 feet 1 inch of coal, entire thick- 
ness of bed. 

2t717« Bituminous coal from strip pit 
of Mr. Heldebrand, in sec. 13, T. 26 N., 
H. 19 E., 10 miles northwest of Vinita 
station, on Missouri, Kansas & Texas Rail- 
way and St. Louis & San Francisco Rail- 
road. Coal bed, no name; Carboniferous 
(Pennsylvanian) age; Cherokee forma- 
tion. Roof is shale and sandstone; floor 
IB clayt Sample cut in face of open pit 
December 14, 1914, by Carl D. Smith; 
represents 2 feet 3 inches of coal, entire 
thickness of bed. 

3I71S. Bituminous coal from strip pit 
of William Boot, in sec. 33, T. 26 N., R. 
19 E., 1 mile east of Estella; no railroad 
connection. Coal bed, no name; Carbon- 
iferous (Pennsylvanian) age; Cherokee 



formation. Sample cut in face of open 
pit December 14, 1914, by Carl D. Smith; 
represents 2 feet of coal, entire thickness 
of bed. 

Boosms ooinrrT. 

M714. Bituminous coal from strip pit 
of New Stote Coal Co. , in sec. 21 , T. 22 N . , 
R. 14 E., half a mile north of CoUinsville, 
on Atchison, Topeka & Santa Fe Railway. 
Coal bed, Dawson; Carboniferous (Penn- 
sylvanian) age; Coffeyvillo(?) formation. 
Shale above and clay below. Sample cut 
at face of open pit December 10, 1914, by 
Carl D. Smith; represents 1 foot 9 inches 
of coal, entire thickness of bed. 

M78^ Bituminous coal from shaft min^ 
No. 1, of Catale Coal (k)., in sec. 14, T. 24 
N., R. 18 E., 1 mile northeast of C)atale, 
a station on the St. Louis A San Francisco 
Railroad. Coal bed, no name; Carbonif- 
erous (Pennsylvanian) age; Cherokee for- 
mation. Roof is hard shale; floor is clay. 
Sample cut 300 feet northwest of shaft 
December 15, 1914, by Carl D. Smith; 
represents 1 foot 10 inches of coal, entire 
thickness of bed. Depth below surface 
at point of sampling, 70 feet. 

2f781* Bituminous coal from slope 
mine of A. P. McNutt, in sec. 22, T. 22 
N., R. 16 E., 6 miles northeast of Clare- 
more,a8tation on the St. Louis A San Fran- 
cisco and St. Louis, Iron Mountain & 
Southern railways. Coal bed, no name; 
Carboniferous (Pennsylvanian) age; Cher- 
okee formation. Roof is* shale; floor is 
clay. Sample cut in slope 50 feet north 
of mine mouth December 17, 1914, by Carl 
D. Smith; represents 1 foot 7 inches of 
coal, entire thickness of bed. Depth be- 
low surface at point of sampling, 25 feet. 
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WltZ. BituminouB coal from mine No. 1 
(slope) of Southwestern Coal Co., in sec. 
28, T. 20 N;, R. 13 E., half a mile west of 
Dawson, on St. Louis & San Francisco 
Railroad. Coal bed, Dawson; Carbonif- 
erous (Pennsylvanian) age; Cofifeyville 
(?) formation. Roof and floor are shale. 
Sample cut 500 feet north of slope mouth 
December 9, 1914, byCarl D. Smith; repre- 
sents 2 feet of coal, entire thickness of bed. 

M713. Bituminous coal from No. 2 
(shaft) mine of Hickory Coal & Mining 
Co., in sec. 17, T. 19 N., R. 13 E., 4 miles 
southeast of Tulsa, on Missouri, Kansas & 
Texas RaOway. Coal bed, Dawson; Car- 
boniferous (Pennsylvanian) age; CofFey- 
viUe (7) formation. Roof and floor are 



shale. Sample cut 300 feet southeast of 
shaft landing December 9, 1914, by Carl 
D. Smith. Sample represents 2 feet 6} 
inches of coal, entire thickness of bed. 

WAGGHSB COtnrTY. 

Z9S3Zm Bituminous coal from strip pit 
of the Arkansas Valley Coal, Gas & Oil 
Co., in sec. 15, T. 18 N., R. 15 E., 3} miles 
northeast of Broken Arrow station, on the 
Missouri, Kansas & Texas Railway. Coal 
bed, no name; Carboniferous (Penns>'I- 
vanian) age; Cherokee formation. Roof 
is shale and floor is clay. Sample cut 
from open pit December 19, 1914, by Carl 
D. Smith; represents 2 feet of coal which 
contains some sulphur bands, entire thick- 
ness of bed. 



OKBGON. 



COOS OOXJVTY. 



11677. Bituminous coal from prospect 

on Pulford claim, in SW. i sec. 20, T. 32 S., 

R. 11 W., Eden Ridge field, 35 miles west 

of West Fork station, on Southern Pacific 

Railroad. Coal bed, Anderson; Tertiary 

(Eocene) age; Arago formation. Roof is 

shale overlain by massive sandstone; 

floor is shale. Bed dips 16^ S. Sample 

cut in drift 125 feet from mouth and 4 feet 

from face September 22, 1914, by C. E. 

Lesher. Section at point sampled is as 

follows: 

Ft In. 

Coal, bony (sampled) 11^ 

Coal (sampled) 5 



Ft. iiu 

Coal, bony (sampled) 4 

Clay 2J 

Coal (sampled) 2 

Bone (sampled) { 

Coal, bony (sampled) 2} 

Coal (sampled) 4 

Bone 8 

Blackcoalymud (sample 19878).. 1 8 



5 



19678. Bituminous coal from same pros- 
pect and location as No. 19877. Sample 
represents lower bench. 



PENNSYLVANIA. 



SOMSBSST COUVTY. 

11848. Semibituminous coal from Cairn- 
brook mine of Loyalhanna Coal & Coke 
Co., on Pennsylvania Railroad at Cairn- 
brook. Coal bed, lower Eittanning (B) 
bed; Carboniferous (Pennsylvanian) age; 
Allegheny formation. Roof and floor are 
shale. Sam pie cut in ' * empty ' ' southeast 
entry September 18, 1914, by G. B. Rich- 
ardson. Section at point sampled is as 
follows: 



Ft In. 

Coal, bony 10 

Coal (sampled) 3 2 

Coal, bony * 8 

4 8 

19849. Semibituminous coal from same 
mine as No. 19848. Coal bed, Lower Kit- 
tanning (B) bed; Carboniferous (Pennsyl- 
vanian) age; Allegheny formation. Roof 
and floor are shale. Sample cut in 
''loaded" south entry September 18, 1914, 
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by G. B. Bichflnban. Section At point 
tunned is m fellows: 

Ft In. 

Coal,bony 1 3 

Coal (sunitol) 3 2 

Co^haay 1 7 

6 

MM. Composite of aunples 19MS «nd 
1W49. 

ttUU Semibitaminoofl coal from mine 
of Irving Fleegle (old Hitchena mine), 
2} miles southeaet of Caimbrook station 
QD PennaylvBiiia Bailroad. Coal bed. 



BrookviUe (A) bed; Carboniferous (Penn- 
sylvanian) age; Allegheny formation. 
Roof and floor are shale. Sample cut in 
small entry west of main entry, 300 feet 
from mine mouth, September IS, 1914, by 
6. B. Richardson. Section at point 
sampled is as follows: 

Ft. In. 

Bone 4 

Coal (sampled) 1 

Shale 5J 

Coal (sampled) 1 6 



3 3} 



TKNNKSSBB. 



In accofdance with an agreement with 
the Tennessee Geological Survey for the 
cooperative investigation of the coals of 
the State all the commercially productive 
mines of the State were sampled by the. 
United SUtea Geological Survey in 1915, 
the work being done by F. R. Clark. 

AMDMBMOm OOmHTT. 

21437. Bituminous coal from mine 
(wagon) of Alexander Hall, 1} miles 
north-northeast of Oliver Springs, on 
Lonisville A Nashville Bailroad and 
Southern Railway. Coal is fresh. Coal 
bed. Coal Creek; Carboniferous (Penn- 
sylvanian) age; Briceville shale. Sam- 
ple dry; cut at face of main entry, 400 feet 
east of mouth, March 11, 1915, by F. R. 
Clark. Section of coal bed at point sam- 
pled is as follows: 

Ft. Id. 

Goal, maasive, hard, and blocky 
(sampled) 1 10 

Coal, containing some rash (sam- 
pled) 2 

2 

Zi4SU Bituminous coal from drift mine 
of Piedmont Coal & Coke Co., 3 miles 
north-northeast of Oliver Springs, on 
Southern Railway and Louisville & Nash- 
ville Railroad. Coal bed. Coal Creek; 
Carboniferous (Pennsylvanian) age; Brice- 
ville shale. Sample dry; cut at face of 
Moore's place off Pigankle entry, 1,200 



feet north of mouth, liarch 11, 1915, by 
F. R. Clark. Section of coal bed at point 

sampled is as follows: 

Ft. in. 

Rash, coal, and sulphur mixed. ... 5 

Chiy 3 

Coal, massive and blocky (sam- 
pled) 1 11 

2 7 

tost* Bituminous coal from same mine 
and bed as No. 21451. Sample dry; cut 
at face of room 18 off No. 6 right entry, 
4,000 feet north-northwest, 1,325 feet east- 
northeast, and 200 feet south-southeast 
from mouth, March 11, 1915, by F. R. 
Clark. Section of bed at point sampled is 
as follows: 

Ft. faL 

Rash and coal lenses interbedded . . 5 
Coal, maasive and brittle (sam- 
pled) 4 6 

4 10 

tiiSB. Bituminous coal from same mine 
and bed as No. 21451. Sample dry; cut 
at face of No. 1 room (left) off No. 3 right 
entry, 2,200 feet north-northwest, 800 feet 
east-northeast, and 45 feet north-north- 
west from mouth, March 11, 1915, by 
F. R. Clark. Section of bed sampled 
shows 4 feet 6 inches of massive coal 
containing thin lenses of sulphur. 

214U. Composite of [samples 21451, 
21452, and 21453. 
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21454. Bituminous coal from same mine 

and bed as No. 21451. Sample dry; cut 

at mouth of No. 5 right entry, 3,000 feet 

north-northwest of mouth, March 11, 1915, 

by F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in. 

Bone 2 

Clay li 

Coal, cannel(?) (sampled) 11 

Coal, massive and blocky 1 3} 

2 6 

21627. Bituminous coal from Smith 
mine (wagon), 1} miles west of Coal 
Creek, on Southern Railway and Louis- 
ville d Nashville Railroad. This small 
mine is operated continuously, but the 
coal at the point sampled was slightly 
weathered. Coal bed, not identified; 
Carboniferous (Pennsylvanian) age; Wart- 
burg sandstone (?). Sample dry; cut at 
face of No. 1 right off main entry, 75 feet 
north of mouth, March 13, 1915, by F. R. 
Clark; represents 2 feet of coal, entire 
thickness of bed. 

2192S. Bituminous coal from Thistle 
(drift) mine of Coal Creek Coal Co., 3 
miles southwest of Coal Creek, on South- 
em Railway and Louisville & Nashville 
Railroad. Coal bed, Coal Creek; Car- 
boniferous (Pennsylvanian) age; Brice- 
ville shale. Sample dry; cut at face of 
No. 2 right off main face entry, 1,200 feet 
S. 30° W. of mouth of Dogwood opening, 
March 13, 1915, by F. R. Clark. Section 

at point sampled is as follows: 

Ft. In. 

Coal, bright and laminated (sam- 
pled) 

Rash (sampled) 

Coal and rash interbedded (sam- 
pled) 

Coal, bright and blocky (sam- 
pled) 

Coal, very dull and hard, cannel- 
like (sampled) 

Coal, bright and blocky (sam- 
pled) 1 

Coal 



2f 
i 

^ 
^ 



2 10 
2 

4 2 



21IRS9. Bituminous coal from same mine 
and bed as No. 21628. Sample dry; cut at 
face of room 63 off No. 5 left entry, 1,980 
feet S. 72** W. of mouth, March 12, 1915, 
by F. R. Clark; represents entire thick- 
ness of bed. Section of bed at point 
sampled is as follows: 

Ft. IXL 

Coal, soft and blocky 9 

Coal, very dull and hard (cannel in 

character) 6 

Coal, massive and hard 2 11 



21630* Bituminous coal from same mine 
and bed as No. 21628. Sample dry; cut 
in face of room 8 off No. 4 left entry off 
No. 5 left entry, 2,380 feet S. 52° W. of 
mouth, March 12, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. in. 

Coal laminated (sampled) 1 1 

Coal, very dull and very hard 

(sampled) 4 

Coal, massive, hard, and blocky 

(sampled) 2 11 

4 4 

21631. Composite of samples 21628, 
21629, and 21630. 

21636. Bituminous coal from Frater- 
ville (drift) mine of Coal Creek Coal Co., 
1} miles southwest of Coal Creek, on 
Southern Railway and Louisville & Nash- 
ville Raihoad. Coal bed, Coal Creek; 
Carboniferous (Pennsylvanian) age; 
BriceviUe shale. Sample dry; cut at 
face of room 2 off No. 14 right off new 
main entry, 5,560 feet N. 40° W. of mouth, 
March 12, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 



Rash 

Coal, massive and blocky (sam- 
pled) 3 

Shale or clay 

Coal, massive and blocky (sam- 
pled) 



Ft. In. 
3 



3 
6 



4 7 
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Qui cofntaining aample was broken in 
tmuit and coal reached laboratory loose 
in mail poach. Coal may be slightly 
altered. 

21IS7. Bituminous coal from same mine 
and bed as No. 21636. Sample dry; cut 
from room No. 3 off No. 14 right o£f new 
main entry, 5,700 feet N. 38^ W. of mouth, 
March 12, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Coal and rash (sampled) 9 

Coal, massive but crushed (sam- 
pled) 2 10 

Shale 7 

Coal, good (sampled) 5 



niSS. Bituminous coal from same mine 
and bed as No. 21636. Sample dry; cut 
at face of room 3 off No. 16 left off old 
main entry, 4,900 feet N. 71'' W. of mouth, 
March 12, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Coal and rash (sampled) 9 

Coal, massive but crushed (sam- 
pled) 2 10 

3 7 

ZM§^ A composite of samples 21636, 
21637, and 21638. 

tiiSZm Bituminous coal from Tennessee 

(drift) mine of Rojral Consolidated Coal 

Co., 5 miles southwest of Coal Creek, on 

Southern Railway and Louisville & 

Nashville Railroad. Coal bed, Coal 

Creek; Carboniferous (Pennsylvanian) 

age; Briceville shale. Sample damp; 

cut on pillar A off main entry, 2,840 feet 

S. 40° W. of mouth, March 13, 1915, by 

F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Rash 2 

Coal, crushed (sampled) 6 

Coal and some rash (sampled) 1 

Coal, massive but crushed (sam- 
pled) 3 1 

3 10 



tifn. Bituminous coal from same mine 
and bed at No. 21632. Sample damp; 
cut at face of room 1 off entry No. 625 
on Minersville side, 4,040 feet S. 57* W. 
of mouth, March 13, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. fo. 
Rash 2 

Coal, with considerable rash inter- 
mixed (sampled) 1 11 

Shale or clay 10 

Coal, massive but crushed (sam- 
pled) 2 



4 11 



21634. Bituminous coal from same mine 
and bed as No. 21632. Sample dry; cut 
at face of room 1 off No. 11 right entry, 
4,060 feet S. 88° W. of mouth, March 13, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. In. 

Bone 3 

Clay 2 

Coal, badly cnished (sampled) 1 2 

Clay and rash 3 

Coal, bright (sampled) 5 

Clay 3 

Coal, massive (sampled) 2 8 



21C35. A composite of samples 21632, 
21633, and 21634. 

21680. Bituminous coal from Middle 
Ridge (drift) mine of Royal Consolidated 
Coal Ck)., 4} miles southwest of Coal 
Creek, on Southern Railway and Louis- 
ville & Nashville Railroad. Coal bed. 
Coal Creek; Carboniferous (Pennsylva- 
nian) age; Briceville shale. Roof is 
sandy shale and floor is clay. Sample 
wet and slightly weathered ; cut from rib 
on left main entry 100 feet southwest of 
mouth, March 13, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. In. 

Rash 2 

Coal 2 
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Ft. in. 

Raflh 2 

Coal (sampled) 3 5 

3 11 

216M* Bituminous coal from Klondike 
(slope) mine of Black Diamond Coal Co., 
3 miles north-northwest of Coal Creek, on 
Southern Railway and LouisviUe & Nash- 
ville Raiht)ad. Coal bed. Coal Creek; Car- 
boniferous (Pennsylvanian) age; Brice- 
ville shale. Roof is sandy shale and floor 
is clay. Sample dry; cut at face of main 
entry, 7,700 feet N. 65° W. of mouth, 
March 15, 1916, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft in. 

Rash and coal 2 

Coal, massive and hard (sampled). 3 6 

Shale 8 

Coal, massive (sampled) 6 



4 10 



21M1* Bituminous coal from same mine 
and bed as No. 21640. Sample dry; cut 
at face of No. 30 left entry, 7,500 feet 
8. 39*» W. of mouth, March 16, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in. 
Coal, massive and blocky (sam- 
pled) 3 9 

Shale 9 

Coal, massive (sampled) 7 

Rash 1 



5 2 



ZMStm Bituminous coal from same mine 

and bed as No. 21640. Sample dry; cut at 

face of No. 22 left entry , 7,900 feet S . 39** W. 

of mouth, March 16, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. In. 

Rashandcoal 8 

Coal, dull and hard (sampled) 1 3 

Rash li 

Coal, bright and hard (sampled). . . 1 5} 

Clay J 

Coal (sampled) 2 

Clay i 



Ft In. 

Coal (sampled) IJ 

Shale 8i 

Coal (sampled) 7 

Rash 2 



5 4 



21M3. Bituminous coal from same mine 
and bed as No. 21640. Sample dry; cut 
at face of room 32 off No. 26 left entry, 
7,600 feet S. 39'' W. of mouth, March 16, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft 

Coal 

Sulphur lens 

Ra^ and coal 

Coal, dull and very ^ard (sam- 
pled) 1 

Coal, bright with dull bands (sam- 
pled) 1 

Shale 

Coal, bright and hard (sampled). . 



In. 

^ 
2 

3 

8 

11 

3 

10 



5 3i 

21M4. A composite of samples 21640, 
21641, 21642, and 21643. 

21645. Bituminous coal from Black 
Diamond (drift) mine No. 1 of Black 
Diamond Coal Co., 3 miles north-north- 
west of Coal Creek, on Southern Railway 
and Loubville & Nashville Railroad. 
Coal bed, Coal Creek; Carbonifennifl 
(Pennsylvanian) age; Briceville shale. 
Roof is sandy shale, and floor is shale and 
clay. Sample dry; cut from pillar 25 off 
No. 1 right off No. 12 east entry, 10,900 
feet S. 22<* W. of mouth, March 17, 1915, 
by F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Coal, rashy (sampled) H 

Rash i 

Coal, massive with dull bands 

(sampled) 3 2 

3 7 

2164iL Bituminous coal from same mine 
and bed as No. 21645. Sample dry; cat 
at face of room 11 off No. 7 right off No. 12 
east entry, 9,500 feet south of moath, 
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March 17, 1916, by F. R. Clark. Section 
of bed at point sampled ia as follows: 

Ft. In. 

Coil (sampled; • 4 

Baah i 

Coal, blocky (sampled) 1 7 

Raah i 

Coal, massive and hard (sampled). 1 7 



3 7 



21M7. Bituminous coal from same 
mine and bed as No. 21645. Sample dry; 
cut at face of No. 4 left, off No. 10, west 
entry, 8,200 feet S. 40® W. of mouth, 
March 17, 1915, by F. R. Ckrk. Section 
of bed at point sampled is as follows: 

Ft In. 

Rash, containing lenses of coal 6 

Coal, hard and massive (sampled). 2 8 

Shale 6 

Raah 2 



3 10 



21148. Bituminous coal from same 
mine and bed as No. 21645. Sample dry ; 
cut at face of No. 1 airway off No. 1 left 
off No. 10 west entry, 8,900 feet S. 24*» W. 
of mouth, March 16, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. In. 

Coal 5 

Raah 2 

Coal, hard and massive (sampled). 3 



nM9« Composite of samples 21645, 
21646, 21647, and 21648. 

BLXD80S COTTHTY. 

232M. Bituminous coal from Atpontley 
drift mine of Lusk Coal Mining Co., 1 mile 
north of Atpontley, on spur of Pikeville 
branch of Nashville, Chattanooga & St. 
Louis Railway. Coal bed, Sewanee; 
Carboniferous (Pennsylvanian) age; 
''Walden sandstone." Roof is sandy 
shale and floor is shale. Sample dry; cut 
at face of Lusk entry, 1,000 feet southwest 
of mouth, May 13, 1915, by F. R. Clark. 



Section of bed at point sampled is as fol- 
lows: 

Ft. In. 
Shale, with bands of coal inter- 
bedded 4 

Coal, lustrous, banded and crushed 

(sampled) 3 6 

Rash 6 

Coal 10 



5 2 



Bituminous coal from same 
mine and bed as No. 22259. Sample dry; 
cut at face of Smith's room off Lusk entry, 
1,200 feet west-southwest of mouth. May 
13, 1915, by F. R. Clark. Section of bed 

at point sampled is as follows: 

Ft in. 

Rash 1 

Coal, banded and soft (sampled)... 7 

Coal, bright and hard (sampled). .. 10 
Coal, bright and badly crushed 

(sampled) 1 8 

Rash 6 

Coal 10 



4 6 
2%M1« Composite of samples 22259 and 



22260. 



OAMPBSLZ. comrTT. 



21650. Bituminous coal from Cambria 
(drift) mine of Royal Consolidated Coal 
Co., 4 miles north-northwest of Coal 
Creek, on Southern Railway and Louis- 
ville & Nashville Railroad. Coal bed, 
Coal Creek; Carboniferous (Pennsylva- 
nian) age; Briceville shale. Roof is 
sandy shale and floor is clay. Sample 
dry; cut at face of room No. 1 off No. 16, 
left entry, 5,280 feet N. 18^ W. and 100 
feet S. 72° W. from mouth, March 15, 
1915, by F. R. Clark; represents entire 
thickness of bed. Section of bed at 
point sampled shows 3 feet 4) inches of 
massive hard coal containing thin bands 
of dull coal. 

21651. Bitimiinous coal from same 
mine and bed as No. 21650. Sample dry; 
cut at face of room 5 off No. 17^, right 
entry, 5,280 feet N. 18** W. and 500 feet 
N. 72** E. from mouth, March 15, 1915, by 
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F. B. Clark. Section of coal bed at point 
sampled is as follows: 

Ft. in. 

Rash 2 

Coal, massive and hard (sampled). 2 10 

3 

21652. Bituminous coal from same mine 
and bed as No. 21650. Sample dry; cut 
on pillar 9 off No. 21 left entry, 6,280 feet 
N. 18** W. and 500 feet S. 72^ W. from 
mouth, March 15, 1915, by F. R. Clark. 
Sample represents 3 feet 2 inches of 
hard, massive coal, entire thickness of 
bed. 

21653. Composite of samples 21650 to 
21652, inclusive. 

21654. Bituminous coal from Sun (drift) 
mine of Sun Coal Co., 1} miles southwest 
of Cary ville, on Southern Railway. Coal 
bed, Red Ash; Carboniferous (Pennsyl- 
vanian) age; Scott shale (?). Roof is 
sandy shale and floor is clay. Sample 
cut at face of room 30 off No. 10 right 
entry, 2,500 feet north-northwest, 1,400 
feet north-northeast, 550 feet east-south- 
east, and 50 feet south from mouth, March 
19, 1915, by F. R. Clark. Section of bed 

at point sampled is as follows: 

Ft. in. 

Coal, bright and hard (sampled).. 1 4^ 

Clay 1 

Coal, bright and hard (sampled) . . 1 4^ 

Clay 3 

Coal, bright (sampled) IJ 

3 2i 

21655. Bituminous coal from same mine 

and bed as No. 21654. Sample cut at 

face of No. 17 right entry, 4,000 feet west 

and 900 feet north from mouth, March 19, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Rash 2 

Bony coal 2 

Coal, massive and hard (sampled). 1 4 

Coal, very dull and hard (sampled) . 1 
Coal, bright, hard, and blocky 

(sampled) 2 1 

Clay 4 

Coal (sampled) 2 

4 4 



21656. Bituminous coal from same mine 
and bed as No. 21654. Sample cut at 
face of No. 14 left entry, 2,900 feet west, 
1,300 feet south, and 100 feet west from 
mouth, March 19, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. in. 
Coal, hard, bright, and massive 

(sampled) 2 

Clay 2 

Coal, bright, hard, and massive 

(sampled) 1 3 

Clay 4 

Coal, bright and hard (sampled).. 2 



3 11 



21657. Bituminous coal from same mine 
and bed as No. 21654. Sample cut at 
face of room 5 off No. 17 left entry, 3,700 
feet west and 200 feet south from mouth, 
March 19, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Rash 3 

Coal (sampled) 2 8 

Shale 1 

Coal (sampled) 1 

Clay 3J 

Coal (sampled) ' 2 



4 ^ 



21658. Composite of samples 21654 to 
21657, inclusive. 

21677. Bituminous coal from Pee 'VS'ee, 
a (drift) mine of Sun Coal Co., li milea 
southwest of Caryville, on Southern Rail- 
way. Coal bed. Lower Dean; Carbonifer- 
ous (Pennsylvanian) age; Scott shale (?). 
Roof is sandy shale and floor is clay. 
Sample cut in room 1 off main haulage 
way, 150 feet southwest, 100 feet south, 
700 feet east, and 450 feet northeast from 
mouth, March 19, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft in- 

Coal (sampled) 3 } 

Rash 4 

3 4} 
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tlCIS. Bitomiiioiifl coal from same mine 
and bed as No. 21077. Sample dry; cut 
at face of No. 4 right entry, 150 feet south- 
west, 100 feet south, and 700 feet south- 
west from mouth, March 18, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Coal (sampled) 2 10 

Rash 2 

Clay 6 

Coal (sampled) 2 

Clay 5i 

Rash i 

Coal, bright (sampled) 5 



4 6 



21f7f • Composite of samples 21677 and 
21678. 

21I59. Bituminous coal from Caryville 
(drift) mine of New Caryville Coal Co., 
1) miles northwest of Caryville, on South- 
em Railway. Coal b^, Red Ash; Car- 
boniferous (Pennsylvanian) age; Scott 
shale (?). Roof is shale and floor is clay. 
Sample wet; cut in face of room 6 off 
No. 4 right entry, 1,150 feet west of mouth, 
March 20, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Rashandcoal 3 

Coal, bright, hard, and massive 

(sampled) 1 4 

Coal, rashy (sampled) 1 

Coal, bright and blocky (sampled). 1 11 

Clay 4 

Coal 2 



4 1 

21Cf§* Bituminous coal from same mine 
and bed as No. 21659. Roof is sandy 
shale and floor is clay. Sample dry; cut 
at &u:e of room 3 off No. 10 left entry, 
1,850 feet S. 75** W. of mouth, March 20, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. In. 

Coal, nshy (sampled) 3 

Coal, massive, bright, and hard 

(sampled) 1 3i 

Shale and rash 1 



Ft. in. 
Coal, massive and blocky (sam- 
pled) 1 8 

Coal and clay interbedded 6 



3 9} 

tii$lm Bituminous coal from same mine 
and bed as No. 21659. Sample dry; cut 
at face of room 5 off No. 15 left entry, 
3,275 feet S. 75** W. of mouth, March 20, 
1915, by F. R. Clark. Section of bed 

at point sampled is as follows: 

Ft. In. 
Coal, massive and very hard (sam- 
pled) 1 6 

Clay and rash ) 

Coal, massive and blocky (sam- 
pled) 1 104 

Clay and rash 2 

Coal 1 



3 8 

21M2. Bituminous coal from same mine 

and bed as No. 21659. Sample dry; cut 

at face of room 3 off No. 15 right entry, 

3,875 feet west of mouth, March 20, 1915, 

by F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Coal and clay interbedded 2 

Coal (sampled) 1 9 

Clay I 

Coal (sampled) 1 9 

Clay 2 

Coal 1 



3 11} 

21663. Composite of samples 21659 to 
21662, inclusive. 

21664* Bituminous coal (weathered) 
from Disney prospect, 1 J miles southwest 
of Vasper, on Southern Railway. Coal 
bed. Frozen Head (?); Carboniferous 
(Pennsylvanian) age; Scott shale (?). 
Roof is sandstone and floor is clay. Sam- 
ple dry; cut from rib in main entry near 
face, 150 feet south of mouth, March 18, 
1915, by F. R. Clark. Section of bed 
at point sampled is as follows: 

Ft in. 
Shale, coal, and carbonaceous 

shale, interbedded 2 

Clay 2 
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Ft. in. 

Raah 1 

Coal, bright, with dull bands (sam- 
pled) 3 1 

Clay 1 

Coal (sampled) 2 

3 9 

tltSS* Bituminous coal from Red Ash 
(drift) mine of Red Ash Goal Co., If 
miles north-northwest of Caryville, on 
Southern Railway. Coal bed. Red Ash; 
Carboniferous (Pennsylvanian) age; Scott 
shale (7). Roof is sandstone and floor is 
clay. Sample wet; cut at face of room 1 
oU No. 15 right entry off No. 1 haulage 
way, 2,550 feet west of mouth, March 22, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. In. 

Clay and coal interbedded 1} 

Coal (sampled) 1 8 

Shale } 

Coal (sampled) 1 7 

3 5 

21Mf. Bituminous coal from same mine 
and bed as No. 216^. Roof is sandy 
shale and floor is clay . Sample wet ; cut at 
face of No. 9 left entry of! No. 1 haulage 
way, 3,025 feet west of mouth, March 22, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 

Shale, carbonaceous 1 

Coal, bright and hard (sampled).. 1 1 

Coal, rashy (sampled) 1 

Coal, bright and hard (sampled) ... 9 

Rash :. 3 

Coal, bright and hard (sampled). . . 1 3 

3 6 

mf70* Bituminous coal from same mine 
and bed as No. 21668. Sample dry; cut 
at face of room 1 of! No. 7^ left entry, 
2,050 feet west of mouth, March 22, 1915, 
by F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. in. 
Coal, massive and blocky (sampled) 2 9^ 
Clay (cut by machine) 5 

3 2i 



21^1. Bituminous coal from same 
mine and bed as No. 21668. Sample dry; 
cut at face of room 7 off No. 4 right entr>', 
1,250 feet west and 1,400 feet north from 
mouth, March 22, 1915, by F. R. Clark; 
represents 3 feet 3 inches of massive, 
blocky coal, total thickness of bed. 

tmtm Composite of samples 21668 to 
21671, inclusive. 

21M5. Bituminous coal from Vasper 
(slope) mine of Vasper Coal Co. , half a mile 
west of Vasper, on Southern Railway. 
Coal bed, Coal Creek; Carboniferous 
(Pennsylvanian) age; Briceville shale. 
Roof is sandstone and floor is clay. Sam- 
ple dry ; cut at face of main entry, 1 ,400 feet 
southwest of mouth, March 18, 1915, by 
F. R. Clark; represents 3 feet 10} inches 
of hard, massive coal, entire thickness of 
bed. 

21066. Bituminous coal from same 
mine and bed as No. 21665. Sample dr>'; 
cut at face of No. 1 right off main entr>*, 
800 feet west and 260 feet north from 
mouth, March 18, 1915, by F. R. Clark; 
represents 3 feet 4 inches of good, clean, 
massive coal, total thickness of bed. 

!S1M7. Composite of samples 21665 and 
21666. 

2167S. Bituminous coal from Bear fal- 
low (drift) mine of the Bear Wallow Coal 
& Coke Co., 1} miles southwest of Cary- 
ville, on the Southern Railway. Coal 
bed. Coal Creek; Carboniferous (Pennsyl- 
vanian) age; Briceville shale. Roof 10 
sandy shale and floor is clay. Sample 
dry; cut at face of main entry, 3,000 feet 
S. 85** W. of mouth, March 23, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Pt to. 

Coal, bright and hard (sampled) ... 1 11 

Coal, very dull and hard (sampled) . 1 

Coal, bright and hard (sampled) ... 6 

2 6 

21674* Bituminous coal from same 
mine and bed as No. 21673. Sample dry', 
cut at face of No. 9 left entry, 2,200 feet 
S. 85** W. and 1,000 feet S. 5*» E. from 
mouth, March 23, 1915, by F. R. Clark; 



\; 
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repreflentB 2 feet 4 inches of maaaive, hard 
oMd, entire thickneoB of bed. 

tWB. Bituminous coal from same 
mine and bed as No. 21673 . Roof is sand- 
stone and floor is clay. Sample dry; cut 
at face of room 6 off No. 7 right entry, 
2,050 feet S. 85« W. and 900 feet N. 5^ W. 
from mouth, March 23, 1915, by F. R. 
Clark. Section of bed at point sampled 

18 as follows: 

Ft in. 

Bone li 

Coal, rashy (sampled) li 

Coal, blight and hard (sampled) . . 10 

Raah 1 

Coal (sampled) 1 10 

3 

21C7C Composite of samples 21673 to 
21675, inclusive. 

216S7. Bituminous coal from Southern 
(drift) mine of Southern Goal A Coke Co., 
2,000 feet west of Cotula, on Louisville 
& Nashville Railroad. Coal bed, Jor- 
dan; Carboniferous (Pennsylvanian) age; 
Wartburg sandstone. Roof is shale and 
floor is clay. Sample dry; cut at face of 
room 4 off A entry, 1,200 feet S. 20° W. of 
mouth, March 27, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. In. 

Coal, bright and blocky (sampled) 1 1 

Coal, rashy (sampled) 2 

Coal, bright and blocky (sampled). 3 6 



^^•88. Bituminous coal from same 

mine and bed as No. 21687. Sample dry; 

cut at face of a room off main entry 75 feet 

southwest of mouth of the E entry, or 

1,700 feet S. 60° W. of mine mouth, March 

27, 1915, by F. R. Clark. Section of bed 

at point sampled ia as follows: 

Ft. in. 

Coal, bright and blocky (sampled) . 9 

Raah 2 

Coal, massive and bright (sampled) 8) 

Raah and mineral charcoal ^ 1 

Coal, bright, hard, and brittle (sam- 
pled) 2 6 

4 U 

iCommoiilj called "mother of coal" by the 
minarg. 



2168t« Composite of samples 21687 and 
21688. 

2HH* Bituminous coal from Wynn 
(drift) mine of Wynn Coal Co., 1 mile 
south of Cotula, on Louisville d Nashville 
Railroad. Coal bed, Rich Mountain; 
Carboniferous (Pennsylvanian) age; Brice- 
ville shale. Roof is shale and floor is 
clay. Sample dry; cut at face of room 
36 off No. 2 left entry, 250 feet west, 4,000 
feet south, and 50 feet west from mouth, 
March 27, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Coal, massive and blocky (sampled). 1 4 

Rash 5 

Coal, massive and blocky (sampled). 1 4 

3 1 

tl99X* Bituminous coal from same 
mine and bed as No. 21690. Sample dry ; 
cut at face of No. 5 right entry, 1,000 feet 
west, 1,300 feet south, 400 feet west, and 
250 feet north from mouth, March 27, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft in. 

Coal (sampled) 1 2 

Rash 2 

Coal , bright and brittle (sampled) . . 8 
Coal, with thin bands of min^al 

charcoal (sampled) ^ 1 

Coal, bright and hard (sampled)... 1 2 

3 3 

21692. Bituminous coal from same 
mine and bed as No. 21690. Sample dry; 
cut at face of main entry, 1,000 feet west, 
1,300 feet south, and 650 feet west from 
mouth, March 27, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. in. 

Coal, bright and hard (sampled)... 1 3 

Rash 3 

Coal, bright and hard (sampled)... 1 3 

Rash 4 



21698. Compodte of samples 21690 to 
21692, inclusive. 

21694. Bituminous coal from Gem No. 
4 (drift) mine of LafoUette Coal, Iron d 
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Railway Co., 2 miles northeast of Kil- 

Bjrth, on Louisville & Nashville Railroad. 

Coal bed, Jordan; Carboniferous (Penn- 

sylvanian) age; Wartburg sandstone. 

Roof is sandy shale and floor is cl&y. 

Sample dry; cut at face of No. 2 right 

entry, 600 feet N. 11° 15^ W. and 650 feet 

N. as** 45' W. from mouth, March 25, 1915, 

by F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in. 

Rash 1 

Coal, bright and hard (sampled) ... 3 2} 
Cl&y and rash 4 



3 7J 



21695. Bituminous coal from same mine 
and bed as No. 21694. Sample dry; cut 
at face of No. 3 left entry, 1,050 feet N. 11° 
ly W. and 175 feet S. 78° 45' W. from 
mouth, March 25, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. In. 

Coal, massive and hard (sampled).. 3 5} 
Rash and coal interbedded 8 



4 IJ 



21II96* Bituminous coal from Gem No. 2 
(drift) mine of LafoUette Coal, Iron & 
Railway Co., 2 miles northeast of Kil- 
syth, on Louisville & Nashville Rail- 
road. Coal bed, Jordan; Carboniferous 
(Pennsylvanian) age; Wartburg sand- 
stone. Sample dry; cut in room No. 2 
off No. 7 left entry, 1,450 feet N. 23° W., 
1,300 feet N. 11° 15' W., 180 feet S. 38° 45' 
W., and 150 feet S 11° 15' E. from mouth, 
March 25, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Rash 2 

Coal, massive and hard (sampled).. 4 4 

4 6 

21697. Bituminous coal from same mine 
and bed as No. 21696. Roof is shale and 
floor is clay. Sample dry; cut at face of 
No. 8 right entry, 1,450 feet N. 23° W., 
l,850feetN.ll°15'W.,andl50feetN.38° 
4^ E. from mouth, March 25, 1915. Sec- 
tion of bed at point sampled is as follows: 



Ft. in. 

Rash and coal interbedded 2 

Coal, massive and hard (sampled).. 3 2 



3 4 



21668. Composite of samples 21694 to 
21697, inclusive. 

21669. Bituminous coal from Rex No. 1 
(slope) mine of LafoUette Coal, Iron & 
Railway Co., 2 miles north-northeast of 
LafoUette, on Louisville & NashvUle Rail- 
road. Coal bed. Rex; Ca^bqniferpuB 
(Pennsylvanian) age; BricevUle shale. 
Roof is shale and floor is clay. Sample 
dry; cut at face of No. 1 left entry, 4,500 
feet N. 37° W., 1,325 feet N. 24° E., and 
800 feet N. 66° W. from mouth, March 26, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. Jn. 

Bone 1 

Coal, bright and brittle (sampled).. 3 10 
Rash 1 



4 

21766. Bituminous coal from same mine 
and bed as No. 21699. Sample dry; cut at 
face of main entry, 4,500 feet N. 37° W. 
and 2,550 feet N. 66° W. from mouth, 
March 26, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. Id. 

Shale, with thin lenses of coal inter- 
bedded 4 

Coal, massive and brittle (sam- 
pled) 2 7 

2 U 

21761. Bituminous coal from same mine 
and bed as No. 21699. Roof is sandstone 
and floor is cl&y. Sample dry; cut at 
face of No. 2 right entiy, 2,400 feet N. 
37° W., 2,125 feet N. 63° E., 1,875 feet 
N. 24° E., and 1,775 feet S. 66° E. from 
mouth, March 26, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. In. 

Coal, cannel W 

Coal,bright 5 

Shale 2 2 

Coal, bright (sampled) 2 9 
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91M» Bituminous coal from same mine 

and bed as No. 21699. Sample dry; cut 

at face of No. 2 left main entry, 2,400 feet 

N. 37* W., 2,126 feet N. 53** E., 1,875 feet 

X. 24* E., and 2,900 feet N. 66** W. from 

mouth, March 26, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. in. 

Coal, cannel-like (sampled) 2 

Cool, soft, containing thin lenses of 

pyrite (sampled) 10 

Coal, massive and brittle (sampled) 2 8 



3 8 



217M. A composite of samples 21699 to 
21702, inclusive. 

21812. Bituminous coal from Remy 

(drift) mine of Remy Coal Co., 2 miles 

southeast of Habersham, on Louisville & 

Nadiville Railroad. Coal bed. Rich 

Mountain; Carboniferous (Pennsylvanian) 

a^; Briceville shale. Roof is sandy shale 

and floor is clay . Sample dry ; cut at face 

of No. 12 right entry, 3,100 feet from 

mouth, March 29, 1915, by F. R. Clark. 

Section of bed at point sampled b as 

follows: 

Ft. In. 

Bone 8 

Clay 8 

Coal, massive and hard (sampled). 2 4^ 

Raah 4 



4 i 

tlM. Bituminous coal from same mine 

and bed as No. 21801^. Sample dry; cut 

at face of No. 13 left entry, 3,400 feet from 

mouth, March 29, 1915, by F. R. Clark. 

^tion of bed at point sampled is as 

follows: 

Ft. in. 

Cool (sampled) 2 9 

Raah 5 



Ft. in. 
Coal, massive and hard (sampled).. 2 7 
Rash 3 



2 10 



218(ML Composite of samples 21802 to 
21804, inclusive. 

218M. Bituminous coal from Rich 
Mountain (drift) mine of Rich Mountain 
Coal & Coke Co., 1 mile east of Haber- 
sham, on Louisville & NashviUe Rail- 
road. Coal bed, Rich Mountain; Car- 
boniferous (Pennsylvanian) age; Brice- 
ville shale. Roof is shale and floor is 
clay. Sample dry; cut at face of No. 7 
left entry, 2,150 feet S. 30** E. and 800 
feet N. 60** E. from mouth, March 30, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Coal, massive and brittle (sam- 
pled) 1 8 

Coal, soft and laminated (sam- 
pled) 6 

Rash IJ 

Coal (sampled) IJ 

2 5 

Ztsm. Bituminous coal from same mine 

and bed as No. 21806. Roof is sandy 

shale and floor is clay. Sample dry; cut 

at face of No. 4 left entry, 1,200 feet S. 

30* E. and 1.300 feet N. 60** E. from 

mouth, March 30, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. in. 

Coal, massive and hard (sampled). 1 8 

Coal, laminated and soft (sampled ) . 10 



218M. Bituminous coal from same mine 
^d bed as No. 21802. Sample dry; cut 
at lace of No. llj left entry, 2,800 feet 
from mouth, March 29, 1915, by F. R. 
^k. Section of bed at point sampled 
is as follows: 



2 6 

21808. Bituminous coal from same mine 
and bed as No. 21806. Sample dry; cut 
at face of No. 8 right entry, 2,450 feet S. 
30** E. and 400 feet S. 60° W. from mouth, 
March 30, 1915, by F. R. Clark. Sec- 
tion of bed at point sampled is as follows: 

Ft. in. 
Coal, bright and brittle (sampled). 2 4 
Shale and lenses of coal inter- 
bedded 7 

Coal, bright and brittle (sampled). 3 

Coal, impure, high in ash 7 
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FL 



CoiJ, bri^ and brittle (ninpled) 
CUy and KMb 



6 
3 



4 6 

tm$. BitninfiWQgcoal from ■aine mine 
and bed M Xo. 2U06. &uiq>le dry; cut 
at lace ol No. 9 left entry, 2,650 feet 8. 
air* E. and 200 feet N. 60^ E. from mouth, 
Ifaich 30, 1915, by F. R. Clark. Sec- 
tion of bed at point aami^ed is as follows: 

Ft Id' 
Coal, brigjbt, hard, and blocky 

(nunpled) 2 7 

Baah 4 

Coal, bri^t and laminated 

(aampledj 6 

Coal, ruhy 2 

Coal, bri^t 1 

3 8 

MMi. Composite of samples 21806 to 
21809, inclusive. 

nsil* Bituminous coal from Chaska 
(drift) mine of Chaska Coal Co., 3,600 feet 
southeast of Chaska, on Louisville 6l 
NashviUe Raihoad. Coal bed, Bich 
Mountain; Carboniferous (Pennsylvanian) 
age; Briceville shale. Roof is shale and 
floor is clay. Sample dry ; cut from pillar 
off main entry 400 feet east of mouth, 
April 1, 1915, by F. R. CUrk. 'Section 
of bed at point sampled is as follows: 

Ft. In. 

Coal, bri^t and hard (sampled). . 2 6 

CUy 10 

Coaly hazd and blocky (sampled). . 10 

4 2 

21812. Bituminous coal from same mine 
and bed as No. 21811. Sample dry; cut 
in room 1 ofif No. 1 right entry, 300 feet 
southeast of mouth, April 1, 1915, by F. 
R. Clark; represents 2 feet 8 inches of 
hard, massive coal, entire thickness of 
bed. 

21812. Bituminous coal from same mine 
and bed as No. 21811. Sample wet; cut 
from main entry of panhandle side, 600 
feet southwest of mouth, April 1, 1915, 
by F. R. Clark; represents 2 feet 8 inches 
if coal, entire thickness of bed. 



ntU. Composite d ouqileB 218U to 
21813, indasive. 

21821* BitnminimB coal from Kimberiy 
(drift) mine 6L Kimberiy Coal Co., half a 
mile east ol Kimberiy, on Louisville k 
NashviUe Baibcnd. Coal bed. Rich 
Moontain; CarbonikmiB (Pennsylvanian) 



and floor is clay. Sample damp; cnt at 
face of No. 10 left entry Match 31, 1915, 
by F.R. Clark. Section off bed at point 
samfded is as icXkmBi 

FL in. 
Coal, bii^t and hard, containing 

thin bands of salphQr(8ami^ed). 1 9 

Rash 1 

Coal, bright and hard (sampled). . 7 

Rash 2 

2 7 

21822. Bitominoas coal from same mine 
and bed as No. 21821. Sample cut at 
face of No. 3 ri^t entry off new main 
entry March 31, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft In. 
Coal, hard and blocky (sampled).. 2 1 

Rash \ 

Coal, bri^t and hard (sampled)... 7 

2 8} 

ttSXZ^ Bituminous coal from same mine 

and bed as No. 21821. Sample cut at 

face of No. 2 right entry off new main 

entry March 31, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft to. 

Coal, massive and hard (sampled). 2 3^ 

Clay and rash 1 

Coal (sampled) 6 

Rash 1 

2 m 

21824. Composite of samples 21821 to 
21823, inclusive. 

21825. Bituminous coal from Davis 
Creek (drift) mine of Kentucky-Tennee- 
see Coal Co., half a mile north of Haber- 
sham, on Louisville & Nashville Rail- 
road. Coal bed, Jellico; Oarboniferous 
(Pennsylvanian) age; Briceville shale (?)• 
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Roof IB sandy shale and floor is day. 
Sample cut at face of No. 3 right entry, 
1,500 feet southeast and 300 feet south- 
west from mouth, March 31, 1915, by 
F. R. Clark. Section of bed at point 

Bampled is as follows: 

*^ Ft. In. 

Goal, brightandblocky (sampled) 1 3 

Clay 10 

Rash and clay interbedded 9 

Clay 11 

Coal, brightandblocky (sampled) 2 2} 



5 11} 

2t8M. Bituminous coal from Old Davis 
Greek (drift) mine. Same bed and oper- 
ating company as No. 21825. Sample 
diy; cut at iace of No. 5 left entry, 1,650 
feet southeast and 250 feet northeast from 
mouth, March 31, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. In. 

(}oal, bright and hard (sampled) . . 10 
Coal, soft and laminated (sam- 
pled) 5 

Clay 7 

Bash and clay interbedded 4 

Clay,..*. 9 

Coal, bright and hard (sampled).. 2 4} 



5 3i 

218S7. Bituminous coal from Red Moon 

(drift) mine of Red Moon Coal Co., 1^ 

miles southeast of Morley, on Louisville 

& Nashville Railroad. Coal bed, Jellico; 

Carbonif erous(P6imsylvanian) age ; Brice- 

ville shale (?). Roof is shale and floor is 

clay. Sample damp; cut at face of No. 3 

main south entry, 1,900 feet southwest of 

mouth, April 1, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

• Ft. In. 

Shale, with thin lenses of coal in- 
terbedded 1 3 

Coal, massive and brittle (sam- 
pled) 2 9 



4 

21828. Bituminous coal from same mine 
and bed as No. 21827. Roof is sandstone 
^od floor is day. Sample damp; cut at 

98867*»— Bull. 621—16 19 



face of No. 3 main north entry, 1,800 feet 
southwest of mouth, April 1, 1915, by 
F. R. Clark; represents 2 feet 7 inches of 
clean coal, total thickness of bed. 

ZlSX9m Bituminous coal from same 
mine and bed as No. 21827. Roof is 
sandy shale and floor is clay. Sample 
dry; cut at face of No. 1 right entry, 1,950 
feet southwest of mouth, April 1, 1915, 
by F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. in. 
Shale, with thin lenses of coal inter- 
bedded 1 3 

Coal, bony IJ 

Rash and coal interbedded 2 

Coal, bright, massive, and brittle 

(sampled) 2 7) 



4 2 



218M. Composite of samples 21827 to 
21829, inclusive. 

21831* Bituminons coal from Indian 
Mountain (drift) mine of Proctor Coal 
Co., 2} miles west of Jellico, on Southern 
Railway and Louisville & Nashville* 
Railroad. Coal bed, Jellico; Carbon- 
iferous (Pennsylvanian) age; Briceville 
shale (?). Roof is sandy shale and 
floor is clay. Sample dry; cut from rib 
at mouth of Short Dog entry off No. 3 
main entry, 1,000 feet southwest of 
mouth of No. 3 mine, April 2, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Bone 2 

Coal, brightandblocky (sampled). 3 1 

3 3 

21832* Bituminous coal from same 
mine and bed as No. 21831. Sample 
dry; cut at face of No. 4 left entry off 
No. 1 main entry, 900 feet southeast of 
mouth of No. 1 mine, April 2, 1915, by 
F. R. Clark; represents* 3 feet 8 inches 
of clean, bright, and brittle coal, entire 
thickness of bed. 

21833* Bituminous coal from same 
mine and bed as No. 21831. Sample dry; 
cut at face of No. 2 left entry, off No. 2 
main entry, 700 feet southeast of mouth 
of No. 2 mine, April 2, 1915, by F 
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Clark. Section of bed at point sampled is 
as follows: 

Ft. Id. 

Coal, maasive and blocky (sampled) 2 11 

Bone 1 

Coal, rashy 3 



21834. Bituminous coal from same 
mine and bed as No. 21831. Sample, 
dry; cut at face of No. 4 entry, off No. 5 
main entry, 1,200 feet southeast of mouth 
of No. 5 mine, April 2, 1915, by F. R. 
Clark; represents 2 feet 2 inches of coal, 
entire thickness of bed. 

21835* Composite of samples 21832 to 
21834, inclusive. 

21836* Bituminous coal from Braugh- 
ton (drift) mine, operated by S. M. 
Braughton, half a mile east of Jellico, on 
the Southern Railway and Louisville 
& Nashville Railroad. Coal bed. Blue 
Gem; Carboniferous (Pennsylvanian) 
age; Briceville shale (?). Roof is sandy 
shale and floor is clay. Sample, dry; 
cut in face of main entry, 1,600 feet 
south-southeast of mouth, April 2, 1915, 
by F. R. Clark; represents 1 foot 6 inches 
of massive, brittle coal, total thickness of 
bed. 

21837. Bituminous coal from same 
mine and bed as No. 21836. Sample, 
dry; cut at face of last room on main 
entry, 1,200 feet southeast of mouth, 
April 2, 1915, by F. R. Clark; represents 
2 feet 2 inches of massive, brittle coal, 
entire thickness of bed. 

21838. Composite of samples 21836 
and 21837. 

21839. Bituminous coal from Falls 
Branch (drift) mine of Falls Branch Coal 
Co., 2\ miles northwest of Oswego, on 
Southern Railway. Coal bed, Jellico ; Car- 
boniferous (Pennsylvanian) age; Brice- 
ville shale (?). Roof is sandy shale and 
floor is clay. Sample, dry; cut from 
rib at mouth of room No. 1, off No. 
49) entry, 2,500 feet northeast, 550 feet 
northwest, and 350 feet northeast from 
mouth, April 3, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 



Ft in. 

Bone, coal and rash interbedded . . 3 

Coal, bright and hard (sampled). . 10 

Bone 2 

Coal, bright and hard (sampled).. 2 2 

3 5 

21840. Bituminous coal from same mine 
and bed as No. 21839. Sample cut at 
face of room No. 1 off No. 39 right entry, 
2,500 feet northeast, 375 feet southeast, 
125 feet northeast, and 100 feet southeast 
from mouth, April 3, 1915, by F. R. 
Clark. Section of bed at point sampled 
is as follows: 

Ft. in. 

Bone 2 

Coal, bright and blocky (sampled) 2 11 

3 1 

21841. Bituminous coal from same 
mine and bed as No. 21839. Sample dry ; 
cut at face of No. 59 entry, 1,000 feet 
northeast, 1,200 feet northwest, and 800 
feet northeast from mouth, April 3, 1915, 
by F. R. Clark. Section of bed at point 
sampled is as follows: 



Ft. 



Bone and rash 

Coal, bright and hard (sampled) 



In. 





3 1 

3 3 

21842. Bituminous coal from same 
mine and bed as No. 21839 . Sample dr>' ; 
cut at face of No. 58 entry, 1,000 feet 
northeast, 1,550 feet northwest, and 900 
feet northeast from mouth, April 3, 1915, 
by F. R. Clark. Section of bed at point 
sampled la as follows: 

Ft. in. 

Bone and rash 2 

Coal, bright and hard (sampled). . 2 



9 



2 11 



21843. Composite of samples 21840 to 
21842, inclusive. 

21853. Bitumiuous coal from Anthras 
(drift) mine of Tennessee Jellico Coal Co., 
half a mile south of Anthras, on Clearfork 
branch of Southern Railway. Coal bed, 
Jellico; Carboniferous (Pennsylvanian) 
age; Briceville shale (7). Roof is sandy 
shale and floor is clay. Sample dr>s cut 
at face of No. 2 left entry off No. 2 



AKALT8E8 OF COAL SAMPLES. 



283 



TSNNBSSBS—Continued. 



main entry, 2,450 feet 8. 45'' E. and 200 
feet N. 45"" E. from mouth, April 9, 1915, 
by F. R. Clark. Section of bed at point 
sampled la as follows: 

Ft lo. 
Coal, maaaive, hard, and dull (sam- 
pled) 1 5 

Coal, lustrous and hard (sampled). 1 6 

2 11 

21854. Bituminous coal from same mine 

and' bed as No. 21853. Sample dry; cut 

in at face of No. 1 left entry off No. 2 

main entry, 2,200 feet 8. 45^ E. and 300 

feet N. 45® E. from mouth, April 9, 1915, 

by F. R. Clark. Section of bed at point 

sampled is as follows: 

rt. In. 

Coal, laminated (sampled) 2 

Coal, massive, hard, and dull (sam- 
pled) 1 3 

Coal, lustrous and brittle (sam- 
pled) ; 1 7 

3 

21855. Bituminous coal from same mine 

and bed as No. 21853. Sample dry; cut 

from pillar No. 10 off No. 2 right entry, 

400 feet S. 45® E. and 400 feet S. 45® W. 

from mouth, April 9, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft, in. 

Rash 1 

Coal, massive and hard (sampled). 2 9 

2 10 

21856. A composite of samples 21853 to 
21855, inclusive. 

21871. Bituminous coal from Powhatan 
(drift) mine of Falls Branch Coal Co., half 
a mile northwest of Oswego, on Southern 
Railway. Coal bed, Blue Gem; Carbon- 
iferous (Pennsylvanian) age; Brice\dlle 
shale (?). Roof is sandy shale and floor 
is clay. Sample dry; cut at face of No. 
10 entry, 3,100 feet northwest of mouth, 
April 3, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 
Rash li 

Coal, bright and hard (sampled). . 1 10 

1 nj 



218T2* Bituminous coal from same 
mine and bed as No. 21871. Sample dry; 
cut at face of room 10 off No. 9 entry, 
2,700 feet north-northwest of mouth, 
April 3, 1915, by F. R. Clark; represents 
1 foot lOinchee of hard, brittle coal, entire 
thickness of bed. 

S1873. Composite of samples 21871 and 
21872. 

tl9H. Bituminous coal from Blue Gem 
(drift) mine of Blue Gem Coal Co., 1 mile 
south of Jellico, on Southern Railway and 
Louisville & Nashville Railroad. Coal 
bed, Blue Gem; Carbonifiarous (Pennsyl- 
vanian) age; Briceville shale (?). Roof is 
shale and floor is clay. Sample dry; cut 
at face of Pine Mountain left entry, 160 
feet southeast of mouth, April 10, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. In. 
Coal, lustrous and very hard (sam- 
pled) 2 2 

Rash ; 1 



21926. Bituminous coal from same mine 
and bed as No. 21924. Sample dry; cut 
at face of Pine Mountain right entry, 200 
feet southwest of mouth, April 10, 1915, by 
F. R. Clark; 2 feet of lustrous, hard, and 
brittle coal, entiro thickness of bed. 

21926. Bituminous coal from same mine 
and bed as No. 21924. Sample dry; cut 
at face of No. 2 right entry off Crouch 
Creek entry, 450 feet west of mouth, April 
10, 1915, by F. R. Clark; represents 1 foot 
6 inches of hard, lustrous coal, entiro thick- 
ness of bed. 

21927. A composite of samples 21924 to 
21926, inclusive. 

21928. Bituminous coal from Old Ital- 
ian Blue Gem (drift) mine of Whistle 
Creek Mining Co., 1^ miles northeast of 
Newcomb, on Southern Railway. Coal 
bed, Blue Gem; Carboniferous (Pennsyl- 
vanian) age ; Briceville shale ( ?) . Roof is 
sandy shale and floor is clay. Sample 
wet; cut at face of Ben Vicar entry off No. 
4 right entry, 875 feet east-southeast, 190 
feet south-southwest, and 150 feet west- 
northweet from mouth, April 12, 1915, by 



284 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1915, PABT H. 



TENNESSEE — Continued. 



F. R. Clark. Section of coal bed at point 

eampled is as follows: 

Ft In. 

Coal, massive (sampled) 2 

Mineral charcoal (sampled) i 

Coaly masBLve and hard (sampled). 1 3 

1 5i 

IS1929. Bituminous coal from same mine 
and bed as No. 21928. Sample wet; cut 
at face of No. 3 left entry off old main 
entry, 775 feet east-northeast and 800 feet 
north-northeast from mouth, April 12, 
1915, by F. R. Clark; represents 2 feet 1 
inch of hard , massive coal, entire thickness 
of bed. 

21930* A composite of samples 21928 
and 21929. 

21931. Bituminous coal from Washing- 
ton Blue Gem (drift) mine of Wooldridge 
Jellico Coal Co., 1} miles northwest of 
Newcomb, on Southern Railway. Coal 
bed. Blue Gem; Carboniferous (Pennsyl- 
vanian) age; Briceville shale (?). Roof 
is sandy shale and floor is clay. Sample 
wet; cut at face of No. 6 '* break through " 
off main tunnel entry, 700 feet west- 
southwest of mouth, April 13, 1915, by 
F. R. Clark. Section of bed at point sam- 
pled is as follows: 

Ft. In. 
Coal, massive and hard (sampled) 9 
Mineral charcoal and sulphur in- 

terbcdded I 

Coal, massive and hard 11 



1 8} 

21932. Bitiuninous coal from same mine 
and bed as No. 21931. Sample dry; cut 
at face of No. 1 left entry, 800 feet west- 
southwest of mouth, April 13, 1915, by 
F. R. Clark; represents 1 foot 10 inches 
of hard massive coal, entire thickness of 
bed. 

21933. A comjx^ite of samples 21931 
and 21932. 

21999. Bitimiinous coal (weathered) 
from the Brummitt (drift) mine of New 
Blue Gem Coal Co., 1} miles west of 
Newcomb, on Southern Railway. Coal 
bed. Blue Gem; Carboniferous (Pennsyl- 
vanian) ago; Briceville shale (?). Roof 
is sandy shale and floor is clay. Sample 



dry; cut from rib of No. 1 main entry, 100 
feet west of mouth, April 14, 1915, by 
F. R. Clark; represents 1 foot 7 inches of 
hard massive coal, entire thickness of 
bed. 

21997. Cannel coal from a drift mine of 
Jellico Cannel Coal Co., 2 miles west of 
Newcomb, on Southern Railway. Coal 
bed, no name; Carboniferous age; for- 
mation not identified . Roof is sandstone 
and floor is clay. Sample dry; cut from 
rib on main entry opposite third left entry 
300 feet north-northeast and 720 feet west- 
north west from mouth, April 14, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft ia 

Inhale, bituminous 10 

Bone } 

Coal, cannel (sampled) 2 1} 

Clay J 

Shale, bituminous 1} 

Coal, cannel (sampled) 7 

3 9 

At the time the sample was collected 
the mine was not in operation and the 
sample was cut from the rib which had 
been exposed to the mine air for a con- 
siderable time. The coal is probably 
only slightly weathered. 

21998. Bituminous coal (rib sample) 
from Jameson Blue Gem (drift) mine of 
11. M. Jones Coal Co., 3 miles south of 
Jellico, on Southern Railway and Louis- 
ville & Nashville Railroad. Coal bed, 
Blue Gem; Carboniferous (Pennsylva- 
nian) age; Briceville shale (7). Roof is 
sandy shale and floor is clay. Sample 
wet; cut from rib 150 feet north of mouth 
of No. 10 main entry April 12, 1915, by 
F. R. Clark; represents 1 foot 11 inches of 
hard massive coal, entire thickness of 
bed. 

21999. Bituminous coal from same mine 
and bed as No. 21998. Sample dry; cut 
at face of No. 13 main entry, 650 feet 
south of mouth, April 12, 1915, by F. R. 
Clark; represents 1 foot 11 inches of hard 
massive coal, total thickness of bed. 

22900. Bituminous coal from small drift 
mine of F. S. Black, H miles east-south- 
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east of Jellico, on Southern Railway and 
Louimlle & Naahville Railroad. Coal 
bed, Blue Gem; Carboniferous (Penn- 
flylvanlan) age; Briceville shale (?). 
Hoof is shale and floor is clay. Sample 
dry; cut at face of main entry, SOO feet 
north-northeast of mouth, April 12, 1915, 
by F. R. Clark. Section of bed at point 
flunpled is as follows: 

Ft. in. 

Cool, laminated (sampled) 3 

Coal, massive and hard (sampled).. 1 9 



22M1. Bituminous coal from Evans 
(drift) mine of Evans Coal Co., 1} miles 
Bouth of Jellico, on Southern Railway 
and Louisville & Nashville Railroad. 
Coal bed. Blue Gem, Carboniferous 
(Pennsylvanian) age; Briceville shale ( ?) . 
Roof is shale and floor is clay. Sample 
dry; cut at face of room 10 off No. 3 left 
entry, 300 feet south of mouth, April 10, 
1915, by F. R. Clark; represents 1 foot 10 
inches of hard, brittle, lustrous coal, 
entire thickness of bed. 

3IM2. Bituminous coal from same mine 
and bed as No. 22001. Sample dry; cut 
from face of room 7 off No. 4 left entry, 
600 feet southwest of mouth, April 10, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 

Rash 1 

Coal, lustrous and hard (sampled). 1 11 

2 

%3M3. Composite of samples 22001 and 
22002. 

22004. Bituminous coal from Mar'ion- 
Anna (drift) mine of Wooldridge Jellico 
Coal Co., 3 miles north-northwest of New- 
comb, on Southern Railway. Coal bed, 
Jellico; Carboniferous (Pennsylvanian) 
age; Briceville shale (?). Roof is sandy 
shale and floor is clay. Sample cut at 
face of No. 1 right entry, 3,000 feet west 
of mouth, April 13, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. In. 

Bone 4 

Coal, bright and brittle (sampled). 4 



Ft. 



Coal, dull (sampled) 

Coal, bright and hard (sampled).. . 

Coal, rash and bone 

Clay 

Coal, massive and hard (sampled). 1 



in. 

14 

4i 

4 

4 

6 



3 4 



2200S. Bituminous coal from same 
mine and bed as No. 22004. Sample cut 
from pillar off T right entry, 3,200 feet 
west-northwest of mouth, April 13, 1915, 
by F. R. Clark. Section of bed at point 
sampled is as foUows: 

Ft. In. 

Bone 2 

Coal, bright and brittle (sampled). 9 

Coal, rashy (sampled) 2 

Clay, containing sulphur balls 6 

Coal, massive and hard, containing 

thin films of sulphur (sampled) . 1 4 



2 11 



I89000. Bituminous coal from same 
mine and bed as No. 22004. Sample dry ; 
cut from pillar off No. 3 main entry, 3,400 
feet west-northwest of mouth, April 13, 
1915, by F. R. Clark. Section of bed 
at point sampled is as follws: 

Ft. In. 

Bone 1 

Coal, dull and hard (sampled) 10 

Rash 2 

Clay 2 

Rash and coal interbedded 3 J 

Clay 5 

Coal, massive and brittle (sam- 
pled) 1 8 



3 7i 



22007. Composite of samples 22004 to 
22006, inclusive. 

22008. Bituminous coal from Zechini 
(drift) mine of Whistle Creek Mining Co., 
2 J miles west of Newcomb, on Southern 
Railway. Coal bed, Jellico; Carbonifer- 
ous (Pennsylvanian) age; Briceville 
shale (?). Roof is sandy shale and floor 
is clay. Sami)le dry; cut at face of 
Vaughn entry, 500 feet N . 20° W. of mouth, 
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April 14, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft in. 

Coal, massive and liaid (sampled). 2 1 

Clay 9 

Coal, impure 3 



U Bituminous coal from same mine 

and bed as No. 22008. Sample dry; cut 

at face of main east entry, 400 feet N . 65^ 

W. of mouth, April 14, 1916, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft In. 

Coal, laminated (sampled) 2 

Bone J 

Coal, massive and hard (sampled). 1 8 

I 10} 

2M10. Bituminous coal from same mine 

and bed as No. 22008. Sample dry; cut 

at face of main entry, 500 feet N. 55® W. 

of mouth, April 14, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft in. 

Coal, laminated (sampled) 2 

Bone 1 

Coal, lustrous and brittle (sampled) 1 9 

Clay 4 

Coal, impure 6 

2 10 

22011* Composite of samples 22008 to 
22010, inclusive. 

22012. Bituminous coal from Perkins 

Branch (drift) mine of Perkins Branch 

Blue Gem Coal Co., H miles northwest 

of Elk Valley, on Southern Railway. 

Coal bed, Blue Gem; Carboniferous 

(Pennsylvanian) age; Briceville shale. 

Roof is sandy shale and floor is clay. 

Sample dry; cut at face of No. 1 right 

entry, 700 feet west of mouth, April 15, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft in. 

Coal, massive and brittle (sampled) 1 

Coal and thin films of sulphur in- 

terbedded (sampled) 1 

Coal, massive and brittle (sampled) 6 



22tlS. Bituminous coal from same mine 
and bed as No. 22012. Sample dry; cut 
at face of No. 2 right entry, 700 feet 
west^southwest of mouth, April 15, 1915, 
by F. R. Clark; represents 1 foot 7} 
inches of hard, massive coal, entire thick- 
ness of bed. 

22014. Composite of samples 22012 and 
22013. 

22015. Bituminous coal from Elkhart 
(drift) mine of Fox Blue Gem Coal Co., 
three-fourths of a mile north-northwest 
of Elk Valley, on Southern Railway. 
Coal bed, Blue Gem; Carboniferaiu 
(Pennsylvanian) age; Briceville shale. 
Roof is sandy shale and floor is clay. 
Sample dry; cut at face of No. 2 left 
entry, 1,200 feet westpsouthwest of mouth. 
April 15, 1915, by F. R. Clark; represents 
1 foot 7 inches of hard, massive coal, en- 
tire thickness of bed. 

22llt» Bituminous coal from same mine 
and bed as No. 22015. Sample cut at 
face of room 8 off No. 2 left entry, 700 
feet west-southwest of mouth, April 15, 
1915, by F. R. Clark; represents 1 foot 6 
inches of hard, massive coal, entire thick- 
ness of bed. 

22617. Composite of samples 22015 and 
22016. 

22il8. Bituminous coal from Elk Val- 
ley (drift) mine of Elk Valley Blue Gem 
Coal Co., 1 mile northwest of Elk Valley, 
on Southern Railway. Coal bed. Blue 
Gem; Carboniferous (Pennsylvanian) age; 
Briceville shale. Roof is sandy shale 
and floor is clay. Sample dry; cut at 
face of main entry, 900 feet north of 
mouth, April 15, 1915, by F. R. Clark; 
represents 1 foot 7 inches of hard, mas- 
sive coal, entire thickness of bed. 

22019. Bituminous coal from same mine 
and bed as No. 22018. Sample dry ; cut at 
face of mud entry, 300 feet north-north- 
east of mouth, April 15, 1915, by F. R. 
Clark; represents 1 foot 5} inches of bard 
massive coal, entire thickness of bed. 

22020* Composite of samples 22018 and 
22019. 

22021. Bituminous coal from Bock 
Springs (drift) mine of Turley Coal Co., 
H miles west-southwest of Turley, on 
Southern Railway. Coal bed, Upper 
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Dean ; CarboniferoiiB ( Pennsyl vanian ) age ; 

Scott nhale (?). Roof is sandy shale and 

floor ifl clay. Sample dry; cut at face of 

No. 2 nudn entry, 2,500 feet west-south- 

west of mouth, April 16, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Coal, laminated and soft (sampled). 1 2 
Coal, very dull, hard, and bony 

(sampled) 6 

Shale 3 

Coal, massive and very hard (sam- 
pled) 2 6 

4 4 

ZMZ. Bituminous coal from same mine 

and bed as No. 22021. Sample dry; cut 

at face of No. 4 right entry, 2,000 feet west 

of mouth, April 16, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. In. 

Coal, laminated, containing sul- 
phur bands (sampled) 1 2 

Coal, dull, massive, and hard (sam- 
pled) 6 

Shale 4 

Coal, massive and very hard (sam- 
pled) 2 4} 

4 4i 

tSOQ. Bituminous coal from same mine 

and bed as No. 22021. Sample wot; cut 

at face of room 8 off No. 2 left entry, 1,800 

feet southwest of mouth, April 16, 1915, 

by F. R. Clark. Section of bed at point 

sampled is as follows : 

Ft. In. 

(>)al, lustrous and laminated (sam- 
pled) 1 2 

Coal, very dull, hard, and bony 
(sampled) 3 

Coal, lustrous and very hard (sam- 
pled) 5 

Shale 4 

('oal, massive, blocky, and hard 
(sampled) 2 4 

4 6 

2MKS4. Composite of samples 22021 to 
22023, inclusive. 

miss. Bituminous coal from Pee Wee 
(drift) mine of Block Coal & Coke Co., 1 



mile west-southwest of Block, on Southern 
Railway. Coal bed. Red Ash; Carbon- 
iferous (Pennsylvanian) age; Scott 
shale (?). Roof is sandy shale and floor is 
shale and clay. Sample dry ; cut from rib 
near face of No. 2 left entry, 350 feet 
west-southwest of mouth, April 19, 1915, 
by F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 
Coal, lustrous and brittle (sam- 
pled) 7 

Coal, locally containing thin films 

of sulphur (sampled) ) 

Coal, bright (sampled) 1^ 

Shale, containing sulphur balls | 

Coal, bright and brittle (sampled).. 2 ) 

2 10 

23i9i. Bituminous coal from same mine 

and bed as No. 22025. Sample dry; cut 

at face of No. 1 right entry, 300 feet north 

of mouth, April 19, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. In. 

Coal, bony (sampled) 1 

Coal, bright and hard (sampled) ... 5 
Coal, very dull and very hard (sam- 
pled) J 

Coal, rashy (sampled)*. 1^ 

Coal, lustrous and brittle (sampled) 2 1 

Rash 1 



2 10 



22027. A composite of samples 22025 
and 22026. 

22028. Bituminous coal from Monarch 
(drift) mine of Block Coal & Coke Co., 1 
mile west-southwest of Block, on South- 
em Railway. Coal bed. Monarch or Up- 
per Dean; Carboniferous (Pennsylvanian) 
age; Scott shale (?). Roof is sandy shale 
and floor is clay. Sample dry; cut at 
face of room 49 off No. 2 left entry, 1,700 
feet south of mouth, April 19, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Coal, lustrous and soft (sampled). 1 1 

Coal, dull and very hard (sampled) 2 

Coal, bright and soft (sampled ) 4 

Shale 1 

Coal, bright and hard (sampled).. 4 
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Ft. 



m. 

4 
9 



Coal, dull and very hard (sampled) 
Coal, lustrous and hard (sampled) . 
Coal, alternating dull and bright 

bands (sampled) 1 2 

Shale 1 

Coal, bright and hard (sampled).. 7 
Coal, dull and very hard (sampled) 4 



22t29« Bituminous coal from same 
mine and bed as No. 22028. Sample dry ; 
cut at lace of No. 3 right entry, 1,050 feet 
northwest of mouth, April 19, 1915, by 
F. B. Clark. Section of bed at point 
sampled is as follows: 

Ft, in. 
Coal, lustrous and soft (sampled).. 1 1 

Shale 4 

Coal, massive, lustrous, containing 

soft bands (sampled) 2 11) 

Shale 1 3 

Coal, lustrous (sampled) 11- 

6 6) 

22030* Bituminous coal from same mine 
and bed as No. 22028. Sample dry; cut 
at face of room 23, near face of No. 2 right 
entry, 1,050 feet north-northwest of 
mouth, April 19, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. in. 

Coal, lustrous, containing thin 

bands of dull coal (sampled) 1 7 

Shale 4 

Coal, massive, hard, containing 

dull bands (sampled) 2 9 

Shale 1 2 

Coal, lustrous (sampled) 11 

6 9 

22031. Bitimiinous coal from same mine 
and bed as No. 22028. Sample dry; cut 
in room neck off No. 1 left entry off No. 1 
left cross entry, 2,000 feet south-south- 
east of mouth, April 19, 1915, by F. R. 
Clark. Section of bed at point sampled 

is as follows: 

Ft. In. 

Coal, lustrous and soft (sampled).. 1 

Coal, dull and very hard (sampled) 2 

Coal , 1 ustrous and soft (sampled ) . . 4 

^hale 3 



Ft. in. 
Coal, massive, hard, and blocky 

(sampled) 3 

Sulphur lens ) 

Coal, massive and hard (sampled) . 6 

5 ^ 

2SMZ. Composite of samples 22028 to 
22031, inclusive. 

CI.AIBO&HX comr TT. 

21844* Bituminous coal from Pruden 
' (drift) mine of Pruden Coal & Coke Co., 
1 mile east of Pruden, on Clearfork branch 
of Southern Railway. Coal bed, Mingo; 
Carboniferous i^; formation not identic 
fied. Roof is sandy shale and shale and 
floor is clay. Sample dry; cut at face of 
; room 4 (left) off No. 7 left entry off No. 3 
main entry, 1,900 feet east of mouth, 
April 6, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

FL in. 

Coal, bright and blocky (sampled). 2 
Coal, rashy (sampled) 2 

Clay i 

Coal, dull and bony (sampled) 2 

Coal, bright, containing thin films 

of sulphur (sampled) 2 4 

Clay 1 

Coal, bright (sampled) 5 

5 2} 

21845* Bituminous coal from same mine 
and bed as No. 21844. Sample dry; cut 
at face of room 9 off No. 17 left entry off 
No. 1 main entry, 2,100 feet soutb of 
mouth, April 5, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. in. 

Coal (sampled) 1 

Rash i 

Coal, laminated and impure (sam- 
pled) 1 10 

Rash 2 

Clay and rash interbcdded 6 

Rash 4 

Coal, laminated, containing thin 

films of sulphur (sampled) 1 10 

Rash 4 

Coal (sampled) 2i 

Shale 1 
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Ft. 



Coal (sampled). 
Shale 



Coal, maasive and hard (sampled). 3 



In. 
2 
6 
1 



9 2 

218M. BituminouB coal from same mine 
and bed as No. 21944. Sample dry; cut 
at face of No. 17 right entry off No. 1 
main entry, 3,000 feet south of mouth, 
April 5, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft, In. 
Coal, bright and laminated (sam- 
pled) 2 1 

Rash 2 

Coal, bright and soft (sampled) . . 4 

8hale IJ 

Coal, bright and soft (sampled). . . 3 

Clay, containing sulphur balls 5 

Coal, massive and hard (sam- 
pled) 3 



6 4i 

21847. Bituminous coal from same mine 
and bed as No. 21844 . Sample cut at face 
of room 16 off No. 5 right entry off No. 3 
main entry, 1,300 feet south-southeast of 
mouth, April 6, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 



Ft. In. 



Coal, bright and laminated (sam- 
pled) 1 

Shale and bands of bone, inter- 
bedded 

Bone and lenses of impure coal, 
interbedded 

Coal, bright, containing dull 
bands of bony coal (sampled). . 2 

Rash 

Coal, bright (sampled) 

Shale 

Coal, massive and hard 2 



9 



5 



i 



2 
10 
11 



8 Gi 



M848. A composite of samples 21844 to 
21847, inclusive. 

21849. Bituminous coal from King 
Mountain (drift) mine of Clairfield Jellico 
^^ Co., three-fourths of a mile east of 
Clairfield, on Clearfork branch of South- 



em Railway. Coal bed, Jellico; Car- 
boniferous (Pennsylvanian) age; Brice- 
ville shale (?). Roof is shale and floor ia 
clay. Sample dry; cut at face of room 3 
off No. 3 left entry off No. 1 left entry, 
1,000 feet 8. 50** E. of mouth, April 7, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Rash 1 

Coal, very hard, tough, and dull 
(sampled) 1 6 

Coal, lustrous, hard, and brittle 
(sampled) 1 7 



3 2 

21850. Bituminous coal from same mine 

and bed as No. 21849. Sample dry; cut 

at face of room 14 off No. 2 left entry off 

No. 1 right main entry, 1,850 feet S. 30° 

W. of mouth, April 7, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. In. 

Rash and shale 2 

Coal, massive and hard, containing 

thin films of sulphur (sampled) . 3 

Rash 3 



3 5 

21851. Bituminous coal from same mine 

and bed as No. 21849. Sample dry; cut 

at face of room 4 off No. 1 left entry off 

No. 1 left main entry, 700 feet S. 25° E. of 

mouth, April 7, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. In. 

Rash 1 J 

Coal, dull and hard (sampled) 1 6 

Coal, very lustrous and hard (sam- 
pled) 1 7 



.3 2i 

21852. Composite of samples 21849 to 
21851, inclusive. 

21857. Bituminous coal from High Cliff 
(drift) mine of High CUff Coal Co., half a 
mile south of Pruden, on Clearfork branch 
of Southern Railway. Coal bed, Mingo; 
Carboniferous age; formation not identi- 
fied. Roof is shale and floor is clay. 
Sample dry; cut at face of main entry, 
3,300 feet S. 45° E. of mouth, April 7, 
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1915, by F. R. Clark. Section of bed at 

point sampled is jm IoIIowb: 

Ft. la. 

Codd 1 

Rash 2 

Coal, bright and himinatifid (Mm- 

plod) 2 8 

Clay, containing solphnr balk 4 

Coaly nuHOYeand hard (sampled).. 2 6 

5 9 

218C8. Bitaminoua coal from same mine 
and bed aa No. 21857. Sample dry; cat 
at lace of room 5 off No. 8 right entry, 
2,900 feet 8.. 45'' E. and 300 feet 8. 45'' W. 
from mouth, April 7, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

FL In. 

Coal, bright 1 

Chiy 2 

Rash IJ 

Coal, lustrous and laminated 

(sampled) 2 4 

Coal, rashy (sampled) ) 

Coal, bright (sampled) 2 

Clay, containing thin bands of 

coal 8 

Coal, massive, containing thin 

bands of dull coal (sampled). . . 2 11 

6 6 

218M. Bituminous coal from same mine 
and bed as No. 21857. Sample dry; cut 
at face of room 6 off No. 7 right entry, 
2,630 feet 8. 45* E. and 400 feet 8. 45*» W. 
from mouth, April 7, 1915, by F. R. Cbrk. 
Section of bed at point sampled is as 
follows: 

Ft, In. 
Coal, very dull and hard (sam- 
pled) 2 

Clay 3 

Ra«h 1 

(joal, lustrous and brittle (sam- 
pled) 2 

Coal and rash interbedded 1} 

Coal (sampled) 5} 

Clay 5 

Coal, massive and hard, contain- 
ing dull bands (sampled) 2 11} 

6 5i 



SlMiL Bitaminoas coal from same mine 
and bed as No. 21857. Sample dry; cut 
at face of room 5 off No. 6 fight entry, 
2,lfiO feet 8. 45<> E. and 350 feet 8. 45<» W. 
from month, April 6, 1915, by F. R. Clark. 
Section ci bed at point sampled is as 
fellows: 

Ft. In. 

Coal IJ 

CUy 3 

Bone and lenses of coal interbed- 
ded 2 

Coal, maasive and bright (sam- 
pled) 2 2 

Shale 1 

Coal (flunpled) 3 

Shale, containing kidneys of sul- 
phur 4 

Coal, massive, hard, and blocky 

(sampled) 2 8 



6 } 



21881. A composite of samples 21857 to 
21880, inclusive. 

2180. Bituminous coal from Buffalo 
(drift) mine of Campbell Coal Mining Co. , 
three-fourths of a mile south of Eagan, on 
Clearfork branch of Southern Railway. 
Coal bed, Jellico; Carboniferous (Peon- 
sylvanian) age; Briceville shale (?). 
Roof is shale and sandy shale and floor Ib 
clay. Sample dry; cut at face of No. 9 
main entry, 3,250 feet south of mouth, 
April 8, 1915, by F. R. Clark. Section of 
bed at point sampled is as follows: 

Ft. in. 

Rash 2 

Coal, very bright and hard (sam- 
pled) 2 10} 

1 } 

21868. Bituminous coal from same mine 
and bed as No. 21862. Sample dry; cut 
at face of No. 10 right entry, 2,400 feet 
south and 1,050 feet west from mouth, 
April 8, 1915, by F. R. Clark. Section of 
bed at point sampled is as follows: 

Ft. In. 

Rash i 

Coal, massive and hard (sampled) . 3 ) 

TT 
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S18M. Bituminous coal from same 
mine and bed aa No. 21862. Sample dry; 
cut at face of No. 8 right entry, 2,000 feet 
Boath and 1,500 feet west from mouth, 
April 8, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Rash i 

Coal, very bright and very hard 

(sampled) 3 1 



3 1} 

n8€S. Bitominons coal from same mine 
and bed as No. 21862. Sample dry; cut 
at face of No. 6 right entry, 1,500 feet 
Bouth and 1,600 feet west from mouth, 
April 8, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Rash IJ 

Coal, massive, bright, and hard 

(sampled) 3 1 



3 2i 

nM. Composite of samples 21862 to 
21865, inclusive. 

21867. Bituminous coal from Standard 
(drift) mine of Standard Jellico Coal 
Co., 1 mile east of Clairfield, on Clearfork 
branch of Southern Railway. Coal bed, 
Jellico; Carboniferous fPennsylvanian) 
age; Briceville shale (?). Roof is shale 
and floor is clay. Sample dry; cut in 
room neck 17 off No. 1 C entry, 825 feet 
N. 5° W. of mouth, April 8, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Bone and rash, interbedded 4 

Coal, massive, dull, and hard 

(sampled) 1 3 

Coal, soft and rashy (sampled) 2 

Coal, lustrous, hard, and brittle 

(sampled) 1 6 

3 3 

^868. Bituminous coal from same mine 
and bed as No. 21867. Sample dry; cut 
at face of room 20 off No. 3 D entry, 2,100 
feet N. 15° E. of mouth, April 8, 1915, 
by F. R. Clark. Section of bed at point 
sampled is as follows: 



Ft. In, 
Coal, dull and very hard (sampled) 8 
Coal, lustrous and hard (sampled). 2 4 

3 

nSit* Bituminous coal from same mine 
and bed as No. 21867. Sample dry; cut 
at face of No. 3 C entry, 1,100 feet N. SO"" 
W. of mouth, April 8, 1915, by F. R. 
Clark ; represents 2 feet 6 inches of bright 
hard coal, total thickness of bed. 

21879. A composite of samples 21867 to 
21869, inclusive. 

29i87* Bituminous coal from mine No. 
3 (a drift mine) of Yellow Creek Coal Co., 
2,500 feet south-southwest of Bosworth, 
Ky., on Mingo branch of Louisville A 
NashviUe Railroad. Coal bed. Billy- 
goat; Carboniferous age; formation not 
identified. Roof is sandy shale and floor 
is sandstone. Sample dry; cut on chain 
pillar off No. 2 right entry, 600 feet S. 
30"* E. of mouth, April 28, 1915, by F. R. 
Clark. Section of bed at point sampled 

is as follows: 

Ft in. 

Rash and clay 1 

Coal, badly crushed (sampled). . . 1 4^ 
Coal, massive, lustrous, and hard. 1 5 

2 10} 

22088. Bituminous coal from same mine 

and bed as No. 22087. Sample dry; cut 

at face of No. 4, right entry, 1,150 feet 

S. 25° E. of mouth, April 28, 1915, by 

F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Rash } 

Coal, lustrous and brittle (sam- 
pled) 2 10 

2 10) 

22089* Bituminous coal from same mine 

and bed as No . 22087 . Sample dry ; cut at 

face of main entry, 1,500 feet S. 4b° E. of 

mouth, April 28, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft in. 

Coal, bright 1 

Coal, impure and bony 1 

Coal, lustrous and brittle (sampled). 2 4 

2 6 



292 CONTRIBUTIOKS TO ECOKOMIC GEOLOGY, 1915, PABT n. 

TENNESSEE — Continued. 



2!90fNI. Bituminous coal from same mine 
and bed as No. 22087. Sample dry; cut 
at face of No. 6, left entry, 1,250 feet S. 70** 

E. of mouth, April 28, 1915, by F. R. 
Clark; represents 2 feet 8 inches of lus- 
trous, brittle coal, entire thickness of bed. 

22091. A composite of samples 22087 to 
22090 inclusive. 

22097. Bituminous coal from No. 6 
(drift) mine of Mingo Coal & Coke Co., 
1,500 feet southeast of Hartranft, on Mingo 
branch of Louisville & Nashville Rail- 
road . Coal bed. Poplar Lick ; Carbonifer- 
ous age ; formation not identified . Roof is 
sandy shale and floor is clay. Sample 
dry ; cut at face of No. 21 , left entry, 3,600 
feet S. 45° E. of mouth, April 23, 1915, by 

F . R. Clark. Section of bed at point sam- 
pled is BB follows: 

Ft. in. 

Coal, bright and soft (sampled) 5 

Bone and sulphur bands inter- 
bedded 5 

Coal, massive and hard (sampled). 3 4 

4 2 

22098. Bituminous coal from same mine 
and bed as No. 21097. Sample dry; cut 
at face of No. 11, right entry, 3,200 feet 
S. 5** W. of mouth, April 23, 1915, by 
F . R . Clark . Section of bed at point sam- 
pled is as follows: 

Ft. in. 

Coal, lustrous and resinous (sam- 
pled) 8 

Bone 2i 

Coal, very hard and dull (sam- 
pled) 1 

Coal, lustrous and hard (sampled). 2 

Rash 4 



4 2i 

22126. Bituminous coal from same mine 
and bed as No. 22097. Sample dry; cut 
at face of No. 19, right entry, 3,700 feet 
S. 10*» E. of mouth, April 23, 1915, by 
F . R . Clark . Section of bed at point sam- 
pled is as follows: 

Ft. in. 

Coal, laminated, containing thin 

bands of sulphur (sampled) 9} 

Bone 2J 

Coal, very dull and very hard 
(sampled) lOi 



Ft. io. 

Coal, soft and badly crushed 
(sampled) 4 

Coal, massive and hard (sam- 
pled).. 2 

22099. Composite of samples 22097, 
22098, and 22126. 

22100. Bituminous coal from Sterlmg 
(drift) mine of Sterling Coal & Coke Co., 
half a mile west-southwest of Manring, at 
terminus of Mingo branch of Louisville & 
Nashville Railroad. Coed bed, Poplar 
Lick; Carboniferous age; formation not 
identified. Roof is sandy shale and sand- 
stone and floor is clay. Sample dry; cut 
at face of No. 6 left entry off No. 2 face 
entry, 6,400 feet west and 2,000 feet north 
from mouth, April 21, 1915, by F. R. 
Clark. Section of bed at point sampled 
is as follows: 

Ft. in. 

Coal, lustrous, laminated, and 

rashy (sampled) 9 

Coal, bony (sampled) 1 

Coal, massive and hard (sampled).. 1 
Coal, locally bony and containing 
.thin streaks of sulphur (sam- 
pled) I 

Coal, massive and hard (sampled).. 2 8 

4 7 

22101. Bituminous coal from same mine 

and bed as No. 22100. Sample dry; cut 

at face of No. 2 entiy off No. 4 right entry 

off No. 2 face entry, 5,500 feet west and 

2,900 feet north from mouth, April 21, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. 

Coal, rashy (sampled) 

Coal, bright and hard (sampled)... 

Coal, very dull and very hard 

(sampled) 

Coal, bright, massive, and hard 

(sampled) 2 



in. 

6 

11 



6 



4 3 

22102. Bitimiinous coal from same mine 
and bed as No. 22100. Sample dry; cut 
at face of room 1 of! No. 2 right entry off 
No. 2 face entry, 4,500 feet west and 2,800 
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feet north from mouth, April 21, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. In. 
Coal, lustrous and brittle (sam- 
pled) 4 

GttJ, rashy (sampled) 9 

Coal, lustrous and hard (sampled). 8 
Goal, dull and very hard (sam- 
pled) 8 

Coal, massive, brigjit, and hard 
(sampled) 1 8 

4 1 

tSlM. Bituminous coal from same mine 
and bed as No. 22100. Sample dry; cut 
at face of room No. 1 off No. 3 left entry 
off No. 2 face entry, 5,600 feet west and 
1,400 feet north from mouth, April 21, 
1915, by F. R. Clark. Section of bed at 
point sampled is as foUows: 

Ft in. 
Coal, bright and brittle (sampled). . 5 
Coal , rashy , high in ash (sampled ) . 8 
Coal, lustrous and brittle (sam- 
pled) 1 3 

Shale i 

Coal, massive and hard (sampled).. 2 8 

5 i 

%81N. Composite of samples 22100 to 
22103, inclusive. 

221M. Bituminous coal from No. 2 
(drift) mine of Bryson Mountain Coal 
it Coke Co., 700 feet west of Bryson, on 
Mingo branch of Louisville & Nashville 
Railroad. Coal bed. Poplar Lick; Car- 
boniferous aige; formation not identified. 
Roof is sandy shale and floor is clay. 
Sample dry; cut from rib on main entry 
500 feet west of mouth April 22, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Coal, massive, blocky, and hard 

(sampled) 3 8 

Coal, rashy (sampled) 2 

Goal, massive, bright, and hard 

(sampled) 1 2 

5 

This mine was not in operation at the 
time the sample was collected and abso- 



lutely fresh coal could not be obtained. 
The sample is probably slightly weathered . 
2210C* Bituminous coal from No. 1 
(drift) mine of Bryson Mountain Coal & 
Coke Co., at Bryson, on Mingo branch of 
Louisville & Nashville Railroad. Coal 
bed, Mingo; Carboniferous age; formation 
not identified. Roof is shale and sandy 
shale and floor is clay. Sample dry; cut 
from stump No. 16 off No. 3 cross entry, 
3,400 feet S. 70** W. of mouth, April 22, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. Jn. 
Coal, lustrous, laminated, and soft 

(sampled) 2 2 

Rash 3 

Shale and sul phur lens interbedded 1 

Coal, lustrous and soft (sampled). . 2 

Sulphur bands } 

Coal, bright (sampled) IJ 

Rash 1 



4 9 



ZZUmim Bituminous coal from same 
mine and bed as No. 22106. Sample dry; 
cut from chain pillar off No. 1 cross entry, 
2,600 feet S. 45° W. of mouth, April 22, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. In. 
Coal, lustrous and soft (sampled). . 2 4 
Rash and lenses of coal interbedded 5 
Shale and bands of sulphur inter- 
bedded 4 

Coal and bands of sulphur inter- 
bedded 1 

Coal, lustrous and banded (sam- 
pled).. 2 IJ 

Clay 1 

Coal, bright (sampled) li 

5 6 

ZZ19S. Bituminous coal from same 
mine and bed as No . 22 106 . Sample dry ; 
cut from chain pillar off No. 5 cross entry, 
3,800 feet S. 85° W. of mouth, April 22, 
1915, by F. R. Clark. Section of bed at 

point sampled is as foUows: 

^^ la 

5 
10} 



Ft. 



Clay 

Coal, massive, but badly crushed 
(sampled) 1 
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Ft. 



CSajr and nMh interbedded 

OmX, bri|^, tmt Iwdly cruflhed 

riMHiipted) 

Shale 

Cool, bri|;)it» but crodied ^aun- 

pied; 

Slttle and nab. 

Coal, faaby and badly cnubed 

(nmpled) 

Shale and laah 

Coal, bright and hard riompled ;. . 

Badi 



7 
1 



22112. BitmniiioaB ooal from mme 
mine and bed as So. 22110. Sample cut 
at fiaceof No. 2 craaa entjy, 2,400 leet west 
aad 000 feet aofoth from mooth, Apdl 27, 
1915, br F. R. Clark. Section of bed at 
point sampled is as krflows: 



11 

i 


PL in. 

Coal, bright and soft ^ssmpled). . 8 
Bone 2 


6i 


Coal, bri^t and soft Taampled;. . o 

Rmia ... .. ..•-- 7 


2 


Coal, mssBive and hard (9unpled>. 2 1 
Radi i 







i' 



K Composite of samples 22106 to 
2210ft, inclusive. 

2211#. Bituminous coal from No. 4 
(drift) mine of Fork Ridge Coal A Coke 
Co., IJ miles southwest of Fork Ridge, 
on Mingo branch of Louisville A Nash- 
ville Railroad. Coal bed, Poplar lick; 
Carboniferous age; formation not identi- 
fied. Roof is sandy shale and floor is 
clay. Sample cut at face of No. 1 right 
entry off No. 1 face entry, 2,400 feet west, 
350 feet north, and 200 feet cast from 
mouth, April 27, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. 

Coal, bright and soft (sampled). . 

Bone 

Coal, bright and soft (sampled). . 

Bone ^ 

Coal, bony (sampled) 

Coal, massive, bright and brittle 
(sampled) 1 



in. 

8i 
1 

4 

8 
6 

8 



3 Hi 

22111* Bituminous coal from same 
mine and bed as No. 22L10. Sample cut 
at face of main entry, 2,500 feet west of 
mouth, April 27, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. In. 

Coal, maaaive (sampled) 1 6} 

Bone ^ 

Coal, massive, hard, and brittle 

(sampled) 1 lOJ 

3 8i 



3 Hi 

22112. Composite of samples 22110 to 
22112, inclusive. 

22114* Bituminous coal from No. 1 
(drift) mine of Foric Ridge Coal A (oke 
Co., five-ei^ths of a mile southwo^t of 
Fork Ridge, on Mingo branch of Louis- 
ville A Nashville Railroad. Coal bed. 
Mingo; Carboniferous age; formation not 
identified. Roof is sandy shale and floor 
is clay. Sample dry; cut at face of room 
17 off No. 1 right entry , 9,200 feet S. 45*^ E. 

of mouth, April 26, 1915, by F. R. Clark. 
Section of bed at point sampled is m 
follows: 

Ft. in. 

Coal, lustrous and laminated (sam- 
pled) 2 2 

Shale and rash interbedded 3 

Coal, lustrous and blocky (sam- 
pled) 2 



1 



4 6 
22115* Bituminous coal from same mine 
and bed as No. 22114. Sample dry; cut 
at face of room 11 off No. 2 right entr)', 
8,900 feet S. 43° E. of mouth, April 26, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in- 

Coal, laminated (sampled) 1 lU 

Shale, rash, and sulphur kidneys, 

interbedded ^1 

Coal, laminated (sampled) 2 li 

4 31 

22116. Bituminous coal from same mine 

and bed as No. 22114. Sample dry; cut 

in face of room 11 off No. 3 left entry, 
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8,850 feet S. AS"" E. of mouth, April 26, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft In. 
Coal, maaaive and hard (sampled). 10 
Coal, laminated and lustrous 

(sampled) 1 6 

Shale and rash interbedded 1 J 

Coal, lustrous and laminated 

(sampled) 2 5 



4 10} 

ttUlm Bituminous coal from same mine 
and bed as No. 22114. Sample dry; cut 
at face of room 15 off No. 4 left entry, 
9.300 feet S. 52'' E. of mouth, April 26, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft in. 

Coal, massive and blocky (sam- 
pled) 2 2 

Shale, rash, and sulphur inter- 
bedded 2 

Coal, laminated, containing bands 
of mineral charcoal (sampled). . . 2 2 



4 6 

tniS. Composite of samples 22114 to 
22117, inclusive. 

23119. Bituminous coal from Sandstone 
Parting (drift) mine of Reliance Coal A 
Coke Co., 900 feet west of Hartranft, on 
Mingo branch of Louisville & Nashville 
Railroad. Coal bed. Sandstone Parting; 
Carboniferous age; formation not identi- 
fied . Roof is sandstone and floor is shale. 
Sample wet; cut from rib near face of No. 
1 left entry, 500 feet S. 85** W. of mouth, 
April 24, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Coal, splintlike (sampled) 1 } 

Shale 2 

Coal, blocky (sampled) 2} 

Shale and clay interbedded 11 

Coal, massive, blocky, and very 

hard (sampled) 2 11 



This mine was not in operation when 
the sample was taken and therefore fresh 



coal could not be obtained. The sample 
is probably slightly weathered. 

SSIM. Bituminous coal from No. 2 
(drift) mine of Reliance Coal & Coke Co., 
at Hartranft, on Mingo branch of Louis- 
ville A Nashville Railroad. Coal bed, 
Mingo; Carboniferous age; formation not 
identified. Roof is sandy shale and floor 
is clay. Sample dry; cut from hairier 
pillar off the main air course, 2,700 feet 
S. 40** W. of mouth, April 24, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. In. 
Coal, lustrous and banded (sam- 
pled) 2 

Rash 2 

Shale and rash interbedded 6 

Coal, lustrous (sampled) 1 6 

Clay and bands of rash, inter- 
bedded 7 

Coal, lustrous and hard (sampled) . 3 



5 



titXl* Bituminous coal from same mine 
and bed as No. 22120. Sample dry; cut 
from pillar No. 30 ofiF No. 27 right entry, 
1,950 feet 8. 25*» W. of mouth, April 24, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft In. 

Coal, lustrous and banded (sam- 
pled) 1 11 

Shale and bands of rash inter- 
bedded 5 

Coal, lustrous and bedded (sam- 
pled) 1 5J 

Shale and rash interbedded 4} 

Coal, lustrous and hard (sampled). 5 



tZltZ. Bituminous coal from No. 1 
(drift) mine of Reliance Coal dc Coke Co., 
at Hartranft, on Mingo branch of Louis- 
ville & Nashville Railroad. Coal bed, 
Mingo; Carboniferous age; formation not 
identified . Roof is sandy shale and sand- 
stone and floor is clay. Sample dry; cut 
at new side track off No. 2 left entry, 500 
feet N. 65^ W. of mouth, April 24, 1915, by 
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F. R. Clark. Section of bed at point sam - 

pled ifl as follows: 

Ft. In. 

Coal, massive and blocky (sampled) 2 2 
Rash and lenses of coal inter- 

bedded 2 

Shale and rash, interbedded 9 

Coal, lustrous and badly crushed 

(sampled) 1 4 

Shale and clay, interbedded 4 

Coal, bright (sampled) 4 



ZZIZ^ Bituminous coal from same mine 

and bed as No. 22122. Sample dry; cut 

in mine in room No. 1 off No. 3 left entry, 

750 feet N. 70^ W. of mouth, April 24, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Coal, lustrous and bedded (sam- 
pled) 1 6 

Coal, rashy (sampled) 4 

Shale and rash interbedded 1 6 

Coal, massive and lustrous (sam- 
pled) 1 4 

Shale and rash interbedded 6 

Coal, bright and hard (sampled) . . 3 

Rash 1 



5 6 

23124. Composite of samples 22120 to 
22123, inclusive. 

FEITTRESS COUHTY. 

30982. Bituminous coal from Highland 
No. 2 (drift) mine of Highland Coal & 
Lumber Co., 1) miles north of Highland 
Junction, on Crawford branch of Tennes- 
see Central Railroad. Coal bed, Bon Air 
No. 2; Carboniferous (Pennsylvanian) 
age; Lee formation. Roof and floor are 
sandstone. Sample damp; cut at face of 
main entry, 1,350 feet N. 41® E. of mouth, 
February 9, 1915, by F. R. Clark. Sec- 
tion of bed at point sampled ia as follows: 

Ft. In. 

Coal (sampled) 1 

Sulphur kidney i 

Coal (sampled) 3 2 

4 2i 

20i83. Bituminous coal from same mine 
and bed as No. 20982. Sample dry; cut 



at face of No. 2 right entry, 900 feet north- 
east of mouth, February 8, 1915, by F. R. 
Clark . Section of bed at point sampled is 

ajB follows: 

Ft In. 

Coal (sampled) 9 

Bone 2i 

Coal (sampled) 2 8 

3 7i 

2M84. Bituminous coal from same mine 
and bed as No. 20982. Sample dry; rut 
at face of No. 3 right entry, 1,300 feet ea.'^t 
of mouth, February 8, 1915, by F. R. 
Clark. Section of bed at point sampled 
is as follows: 

Ft. in. 

Coal (sampled) 10 

Coal, containing thin lenses of 

sulphur (sampled) 6 

Coal, massive and hard (sampled). 3 ) 
Clay 1 

4 5} 

2M85. Composite of samples 20982 to 
20984, inclusive. 

20989. Bituminous coal from same mine 

and bed as No. 20982. Sample wet and 

coal possibly slightly weathered ; cut near 

mouth of second left entry, 1,000 feet N. 

41° E. of mouth, April 8, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. In. 

Coal (sampled) 5} 

Sulphur kidney 1 

Coal (sampled) 4 

Sulphur kidney 2J 

Coal (sampled) 3 i 

20987. Bituminous coal from Daviddon 
(drift) mine of Davidson Coal Co., li 
miles north of Highland Junction, on 
Crawford branch of Tennessee Central 
Railroad. Coal bed, Bon Air No. 2; 
Carboniferous (Pennsylvanian) age; Lee 
formation. Roof and floor are sand- 
stone. Sample damp ; cut at face of main 
entry, 200 feet northeast of mouth of new 
opening, February 9, 1915, by F. R. 
Clark. Section of bed at point sampled 
is as follows: 
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Ft. in. 
Coal and thin bands of shale in- 

terbedded 1 

Sulphur kidney IJ 

Coal (sampled) 6} 

Coal, containing thin lenses of 

sulphur (sampled) 7 

Sulphur kidney 1 

Coal (sampled) 2 llj 

4 4i 

90IS8. Bituminous coal from same mine 
and bed as No. 20987. Sample damp; 
cut at face of cross entry 1,000 feet north- 
northeast of mouth of old opening, Feb- 
ruary 9, 1915, by F. R. Clark. Section of 
bed at point sampled is as f oUo^vb : 

Ft. In. 

Coal, containing thin lenses of 

ehale.' 1 

Coal, massive (sampled) 10 

Coal, soft, containing sulphur 

balls (sampled) 3 

Sulphur kidney li 

Coal (sampled) 4 

Sulphur kidney J 

Coal, massive (sampled) 2 6 

4 2 
I. Composite of samples 20987 and 

OBUVDY C0X7VTY. 



20988. 



22359. Bituminous coal from Reed Hill 
No. 1 (drift) mine of Tennessee Consoli- 
dated Coal Co., 1} miles east of Tracy 
City, on Tracy City branch of Nashville, 
Chattanooga & St. Louis Railway. Coal 
bed, Sewanee; Carboniferous (Pennsyl- 
vaman) age ; ' * Walden sandstone/ ' Roof 
and floor are shale. Sample dry; cut in 
room o£f main entry 2,400 feet south of 
mouth May 19, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. In. 
Coal, glossy and hard (sampled) ... 2 8} 

Rash 4 



3 i 
ZZ390, Bituminous coal from Reed Hill 
No. 2 (drift) mine of Tennessee Consoli- 
dated Coal Co., 2 miles east of Tracy City. 
Coal bed, Sewanee; Carboniferous (Penn- 
eylvanian) age; '^ Walden sandstone." 

98867*»--Bull. 621—16 20 



Roof and floor are shale. Sample damp; 

cut in mine at face of Sitz opening, near 

face of old No. 7 in old Reed Hill mine, 

1,300 feet N. 75** W. of mouth, May 18, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Coal, containing thin bands of sul- 
phur 3 

Coal , massive and hard (sampled ) . . 3 8 

3 11 

22361. Bituminous coal from East 
Fork (drift) mine of Tennessee Consoli- 
dated Coal Co., 1( miles northeast of 
Tracy City. Coal bed, Sewanee. Roof 
and floor are shale. Sample cut in room 
off No. 2 right entry off No. 1 main entry, 
1,600 feet S. 16** W. of mouth, May 19, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Rash 2 

Coal, soft, badly crushed and con- 
torted (sampled) 2 10 

3 

22S62. Bituminous coal from Rattle- 
snake (drift) mine of Tennessee Consoli- 
dated Coal Co., If miles northeast of 
Tracy City. Coal bed, Sewanee. Roof 
and floor are shale. Sample damp; cut 
at face of crosscut off old Rattlesnake 
entry, 2,100 feet N. 10** W. of mouth, May 
19, 1915, by F. R. Clark. Section of bed 
at point sampled is as follows: 

Ft. in. 

Clay 1 

Coal, bedded (sampled) 2 10 

2 11 

22363. Bituminous coal from East 
Staub (drift) mine of Tennessee Consoli- 
dated Coal Co., 1} miles north-northeast 
of Tracy City. Coal bed, Sewanee. 
Roof and floor are shale. Sample cut 
near No. 1 right entry off Campbell entry, 
4,600 feet N. 20° E. of mouth, May 19,. 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Clay, soft 1 

CosJ, bedded and hard (sampled) . 4 4 

4 5 
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22W4* A composite of samples 22359 to 
22363, inclufllve. 

22371* BitmninouB coal from Old Staub 
(drift) mine of Temieasee Consolidated 
Coal Co., 1 mile east of Tracy City. Coal 
bed, Sewanee. Roof and floor are shale. 
Sample dry; cut at face of Jerry Downing 
entry of! old main entry, 5,850 feet N. 20'' 
W. of mouth of old No. 1, May 20, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in. 

Clay, soft 2 

Coal, bedded and badly crushed 
and contorted (sampled) 3 8 

3 10 

224tS. Bituminous cool from West 
Ramsey (drift) mine of Tennessee (Con- 
solidated Coal Co., 2} miles west of Tracy 
Ciiy. Coal bed, Sewanee. Roof end 
floor are shale. Sample cut near face of 
Saunders entry, off old N. C. main entry, 
1,850 feet S. 60'' W. of mine mouth near 
old Ramsey tipple, May 20, 1915, by F. R. 
Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Clay 1 

0)al, bedded and badly contorted 
(sampled) 3 8 

3 9 

ZZ4IH* Bituminous coal from Old Ram- 
sey (drift) mine of Tennessee Consoli- 
dated Coal Co., 2^ miles north-northwest 
of Tracy City. Coal bed, Sewanee. 
Roof and floor are shale. Sample dry; 
cut near No. 11 right entry off T. C. I. 
main entry, 2,600 feet N. 45** E. of mine 
mouth near old Ramsey tipple, May 20, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Rash 2 

Coal, glossy and bedded (sampled) 4 8 

4 10 

22405. Composite of samples 22403 and 
22404. 

22379* Bituminous coal (weathered) 
from prospect pit of Tennessee Consoli- 
dated Coal Co., 11.4 miles N. 40'' E. of 



! Coalmont, at terminus of Tracy City 



branch <rf Nashville, Chattanooga A St. 



, Louis Railway. Coal bed, Sewanee. 
Roof b sandst<me and floor is shale. Sam- 

I pie damp; cut at face of entry 60 feet east 
of mouth of prospect, near bottom of main 
branch of MiU Creek, May 22, 1915, by 
F. R. dark; represents 4 feet of hard, 
massive coal the entire thickness of bed. 
22S80. Bituminous coal (weathered) 
from prospect pit on west side of Mill 
Creek not far from the pit where sample 
22379 was taken. Coal bed, Sewanee. 
Roof is sandstone and floor is shale and 
clay. Sample, wet; cut at face of entry 
50 feet south of mouth. May 22, 1915, by 
F. R. Clark; represents 3 feet 7 inches of 
hard, massive, bright coal, entiro thick- 
ness of bed. 

22381. Bituminous coal (weathered) 
from prospect pit on east side of Mill 
Creek near pit whero sample 22379 was 
taken. Coal bed, Sewanee. Roof and 
floor are shale. Sample cut at face of 
entry 100 feet east of mouth, May 22, 1915, 
by F. R. Clark; represents 4 feet 2 inches 
of hard, massive, brilliant coal, entire 
thickness of bed. 

22382. Composite of samples 22379 to 
22381, inclusive. 

22S72. Bituminous coal (rib weathered) 
from Old Clouse Hill (drift) mine of Se- 
wanee Fuel & Iron Co., 3} miles west of 
Tracy City, on Tracy City branch of 
Nashville, Chattanooga & St. Louis Kail- 
way. Coal bed, Sewanee. Roof is shale 
and floor is shale and clay. Sample dr\'; 
cut in room 200 feet east of mouth, of new 
opening at southwest comer of Clouse HiU, 
May 20, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Coal i 

Shale, carbonaceous 2 

Clay 3 

Coal, bedded and badly contorted 
(sampled) 3 4 

22373. Bituminous coal from Flanagan 
(drift) mine of Flat Branch Coal Co., 2 
miles southeast of Coalmont, at terminus 
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of Tracy City branch of Nashville, Chat- 
tauKx^ & St. Louis Railway. Coal bed, 
fiewanee. Carboniferous (Pennsylva- 
nian) age; *'Walden sandstone.'' Roof 
and floor are shale. Sample dry; cut near 
iace of main entry, 700 feet east and 300 
feet Bouth from mouth, May 21, 1915, by 
F. R. Clark; represents 2 feet 9 inches of 
laminated and badly crushed coal, entire 
thickness of bed. 

22374. Bituminous coal from the Coal- 
moot S Old Hill (drift) mine of Sewanee 
Fuel & Iron Co., 2^ miles south-southeast 
of Coalmont. Coal bed, Sewanee. Roof 
ia shale and floor is sandy shale. Sample 
dry; cut at face of main entry, 2,380 feet 
8. 56* SO' W. of mouth, May 21, 1915, by 
F. R. Clark; represents 4 feet 11 inches 
of laminated, glossy coal, entire thickness 
of bed. 

22375. Bituminous coal from Coalmont 

5 New Hill (drift) mine of Sewanee Fuel 

6 Iron Co., 2} miles south of Coalmont. 
Coal bed, Sewanee. Roof and floor are 
shale. Sample dry; cut at face of No. 1 
right entry of! main entry, 1,063 feet S. 
75° W. of mouth, May 21, 1915, by F. R. 
Clark. Section of bed at point sampled 
is as follows: 

Ft. in. 

Shale, carbonaceous 6 

C-oal, glossy, lanunated, and con- 
torted (sampled) 3 



Bituminous coal from Coalmont 
I (drift) mine of Sewanee Fuel & Iron 
Co., JmileN. 15^W. ofCoahnont. Coal 
bed, Sewanee. Roof and floor are shale. 
Sample damp; cut at face of room 11 of! 
No. 2 left entry, 1,140 feet N. 37'' W. and 
500 feet S. 55** W. from mouth, May 21, 
1915, by F. R. Clark; represents 3 feet of 
laminated and contorted coal containing 
thin bands of mineral charcoal, total 
thickness of bed. 

22S84. Bituminous coal from Coalmont 
E (drift) mine of Sewanee Fuel & Iron 
Co., half a mile N. 15^ W. of Coalmont. 
Coal bed, Sewanee. Roof is shale and 
floor is clay. Sample damp; cut at face 
of main entry, 500 feet east of mouth, May 



21, 1915, by F. R. Clark; represents 4 feet 
2} inches of laminated and badly con- 
torted coal, entire thickness of bed. 

tX9S$m Bituminous coal from Coalmont 
New A (drift) mine of Sewanee Fuel & 
Iron Co., a quarter of a mile southeast of 
Coalmont. Coal bed, Sewanee. Roof 
and floor are shale. Sample cut in room 
neck off main entry, 600 feet northeast of 
mouth, May 21, 1915, by F. R. Clark; rep- 
resents 2 feet 7 inches of hard laminated 
glossy coal, entire thickness of bed. 

)KS38C Bituminous coal from Coalmont 
Old A (drift) mine of Sewanee Fuel A, Iron 
Co., half a mile southeast of Coalmont. 
Coal bed, Sewanee. Roof is shale and 
floor is clay. Sample dry; cut in room 
neck c^ west main entry, 300 feet east of 
mouth. May 21, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Pt. In. 
Rash 1 

Coal, soft and laminated ^sampled) 2 3 



22387. Composite of samples 22383 to 
22386, inclusive. 

BAMILTOV COUVTT. 

221C0. Bituminous coal from Soddy No. 
1 (drift) mine of Durham Coal & Iron Co., 
1} miles west of Rathbum, on Cincinnati, 
New Orleans & Texas Pacific Railway. 
Coal bed, Soddy; Carboniferous (Penn- 
sylvanian) age; '*Walden sandstone" (?). 
Roof is sandy shale and sandstone and 
floor is shale and clay. Sample dry; cut 
at face of room 43 off No. 5 right entry off 
new haulage way, 8,900 feet S. 75® W. of 
mouth, May 3, 1915, by F. R. Clark. Sec- 
tion of bed at point sampled is as follows: 

Ft. in. 

Rash } 

Coal, steel-gray and hard (sampled) 2 8 

Rash 1 ^ 



2 9} 

22161. Bituminous coal from same 
mine and bed as No. 22160. Sample dry ; 
cut in face of room 3 off No. 11 right entry 
off new haulage way, 9,300 feet S. 65** W. 
of mouth, May 3, 1915, by F. R. Clark. 
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Section of bed at point sampled is as fol- 
lows: 

Ft. fai. 
Coal, steel-gray and hard (sampled) 2 

Coal, laminated (sampled) 3 

Bone 2 



ZXWL Bituminous coal from same 
mine and bed as No. 22160. Sample dry; 
cut in face of No. 14 right entry off new 
main entry, 7,000 feet N. 85® W. of mouth, 
May 3, 1915, by F. R. Clark. Section of 
bed at point sampled is as follows: 

Ft. In. 
Coal, steel-gray and hard (sampled) 2 
Coal, laminated and bright (sam- 
pled) 4 



22163* Bituminous coal from same mine 
and bed as No. 22160. Sample dry; cut 
in face of room 1 off No. 17 right off main 
entry, 8,200 feet west of mouth, May 3, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Bone 1 

Coal, steel-gray, hard, and brittle 

(sampled) 2 4 

Rash and coal lenses interbedded . . 8 



3 1 

23164. Composite of samples 22160 to 
22163, inclusive. 

22187. Bituminous coal from Sheep- 
head (slope) mine of Durham Coal & Iron 
Co., 1} miles southwest of Rathbum, on 
Cincinnati, New Orleans & Texas Pacific 
Railway. Coal bed, Soddy; Carboniferous 
(Pennsylvanian) age; '^Walden sand- 
stone " ( ?) . Roof is sandy shale and floor 
is shale. Sample dry; cut in face of room 3 
off new slope, 400 feet N. 10** W. of mouth, 
May 4, 1915, by F. R. Clark. Section of 
bed at point sampled is as follows: 

Ft. in. 
Coal, steel-gray and hard (sampled) 2 
Coal, laminated (sampled) 4 

2 4 

22188. Bituminous coal from same 
mine and bed as No. 22187 . Sample dry ; 



cut at face of room 6 off back entry, 350 
feet S. 40* W. of mouth, May 4, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. in. 
Coal,steel-gray and hard (sampled) 1 5} 
Coal, lustrous and hard (sampled) 5 
Coal , soft and laminated (sampled ) 11 

2 9} 

2218i. Composite of samples 22187 and 
22188. 

22166. Bituminous coal from Old Bun- 
ker (drift) mine of Durham Coal & Iron 
Co., \\ miles southwest of Rathbum, on 
Cincinnati, New Orleans A Texas Pacific 
Railway. Coal bed, Soddy; Carbon- 
iferous (Pennsylvanian) age; "Walden 
sandstone" (?). Roof is sandstone and 
floor is clay. Sample dry; cut at face of 
room 5 off main entry, 500 feet N. 80^ W. 
of mouth, May 4, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. in. 

Coal, lustrous and soft (sampled ). . . 7 
Coal, steel-gray and hard (sampled) 1 U 
Coal, laminated (sampled) 3 



22211. Bituminous coal from Furman 
(drift) mine of Durham Coal & Iron Co., 
three-fourths of a mile west of Rathbum, 
on Cincinnati, New Orleans & Texas 
Pacific Railway. Coal bed, Soddy; 
Carboniferous (Pennsylvanian) age; 
' ' Walden sandstone " ( ?) . Roof is sandy 
shale and floor is shale and sandstone. 
Sample dry; cut in mine at face of Jones's 
place, 650 feet N. 15*» W. of mouth, May 
4, 1915, by F. R. Clark. Section of bed 
at point sampled is as follows: 

Ft. in. 

Rash and clay interbedded 2 

Coal, laminated, with thin bands 

of mineral charcoal (sampled).. 1 H 

Coal, rashy (sampled) 2 

22212. Bituminous coal from same 
mine and bed as No. 2221 1 . Sample dn'; 
cut at face of room 4 off No. 1 right entrv*, 
700 feet N. 10^ W. of mouth, Alay 4, 1915. 
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by F. R. Clark. Section of bed at point 

sampled is as Ic^owb: 

Ft. in. 

Raah 1 

Coal, laminated and soft (sampled) . 2 

Coal, steel-gray and hard(8ampled). 1 3 

1 6 

tsns. Composite of samples 22211 and 

22212. 

22M8. Bituminous coal from Big Soddy 
(drift) mine of Durham Coal A Iron Co., 
2} miles northwest of Rathbum, on Cin- 
cimiati, New Orleans & Texas Pacific 
Railway. Coal bed, Soddy; Carbonif- 
erous (Pennsylvanian) age; ^'Walden 
sandstone ** ( ?) . Roof is sandy shale and 
floor is shale. Sample dry; cut in room 
8 off main entry, 1,200 feet N. 25^ E. of 
mouth, May 6, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. in. 

Rash 2 

Coal, laminated and soft (sampled). 3 8 

3 10 

2%S43. Bituminous coal from Montlake 
(drift) mine of Montlake Coal Co., 2} 
miles northwest of Montlake, on Cincin- 
nati, New Orleans & Texas Pacific Rail- 
way. Coal bed. No. 10; Carboniferous 
( Pennsylvanian) age; "Walden sand- 
stone.'' Roof is sandy shale and floor is 
flhale. Sample wet; cut at face of No. 3 
crosscut, 1,400 feet N. 30** E. of mouth, 
May 6, 1915, by F. R. Clark; represents 
2 feet 5 inches of hard, lustrous coal, 
total thickness of bed. 

22244. Bituminous coal from same 

mine and bed as No. 22243. Sample 

damp; cut at face of No. 11 cross entry, 

2,850 feet N. 32*» E. of mouth. May 6, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 

Coal, bony 2 

Coal, massive and brittle (sampled) 3 2 

3 4 

2224ft. Bituminous coal from same 
mine and bed as No. 22243. Sample dry; 
cut at face of No. 11 cross entry right, 
2,700 feet N. 20** E. of mouth. May 6, 1915, 



by F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. In. 

Shale and bands of bone inter- 
bedded 3 

Coal, bright, laminated, and soft 
(sampled) 4 

Coal, massive and hard (sampled). 2 9 



2224C. Composite of samples 22243 to 
22245. 

22247. Bituminous coal from Montlake 
No. 4 (drift) mine of Montlake Coal Co., 
2} miles northwest of Montlake station, 
on Cincinnati, New Orleans <& Texas 
Pacific Railway. Coal bed, not identi- 
fied; Carboniferous (Pennsylvanian) age; 
''Walden sandstone." Roof is sandy 
shale and floor is clay. Sample damp; 
cut at face of No. 1 right entry, 185 feet 
N. 4® E.and 415 feet S. 86** E. from mouth, 
May 6, 1915, by F. R. Clark; represents 
2 feet 10 inches of soft and badly crushed 
coal, the entire thickness of the bed. 

22249. Bituminous coal from Wagon 
(drift) mine of J. C. Abel, three-fourths 
of a mile northwest of Daisy, on Cinrin- 
i nati. New Orleans <& Texas Pacific Rail- 
, way. Coal bed, not Identified; Carbon- 
iferous (Pennsylvanian) age; Lookout 
sandstone (?). Roof is sandy shale and 
floor is clay. Sample wet; cut at face of 
room 2 off main entry, 350 feet north- 
northeast of mouth. May 6, 1915, by F. R. 
Clark. Section of bed at point sampled 

Is as follows: 

Ft. In, 

Shale, containing lenses of sulphur 6 
Coal, steel-gray and hard (sampled) 1 4 



1 10 



MARIOK COUHTT. 



22230. Bituminous coal from Battle 
Creek No. 4 (drift) mine of Battle Creek 
Coal & Coke Co., 1 J miles north of Orme, 
terminus of branch of Nashville, Chatta- 
nooga & St. Louis Railway. Coal bed, 
Battle Creek; Carboniferous (Pennsylva- 
nian) age; Lookout sandstone (7). Roof 
is sandy shale and floor is shale and clay. 
Sample dry; cut from pillar off No. 5 
right entry, 1,600 feet north and 750 feet 
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east Am mouth. May 11, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Coal, very haid and maanve (sam- 
pled) 1 5 

Rash IJ 

Coal, laminated and soft (sampled) 3 7} 



5 2 

22291* Bituminous coal from Battle 

Creek No. 3 (drift) mine of Battle Creek 

Coal & Coke Co., 1} miles north of Orme. 

Coal bed. Battle Creek. Sample dry; 

cut from pillar of! Collins entry, 1,550 

feet west of mouth, May 11, 1915, by 

F. R. Clark. Section ojf bed at point 

sampled is as follows: 

Ft. In. 

Coal, very hard, massive, and bright 

(sampled) 2 

Rash 2 

Coal, lustrous and hard (sampled). 1 8 

Rash 6 

Coal, very bright and soft (sam- 
pled) 1 1 

5 4 

22232* Bituminous coal from Battle 

Creek No. 5 mine (drift) of Battle Creek 

Coal & Coke Co., 2} miles north-northwest 

of Orme. Coal bed, Battle Creek. Roof 

and floor are shale. Sample dry; cut in 

main entry 60 feet east of mouth, May 11, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. In. 

Coal, very hard, bright, and mas- 
sive (sampled) 3 6 

Rash 4 

Coal, lustrous, laminated, and hard 
(sampled) 2 4 

Rash and impure coal intimately 
mixed 3 2 



Ft. in. 
Coal, very bri^t, hard, and con- 
torted (sampled) 3 4 

Rash. 2 

Coal, bright and hard (sampled) . . 2 2 

Rash 4 

Coal, very bright and contorted 

(sampled) 7 

Rash 3 



9 4 

22232* Bituminous coal from same mine 
and bed as No. 22230. Sample dry; cut 
from pillar at end of No. 16 left entry, 
2,500 feet north and 1,500 feet west from 
mouth, May 11, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 



6 10 



222M* Composite of samples 22230 to 
22233, inclusive. 

222tt* Bituminous coal from No. I 
(drift) mine of New Etna Coal Co., 7 
miles northwest of Whiteside, on Nash- 
ville, Chattanooga & St. Louis Railway. 
Coal bed, Kelley; Carboniferous (Penn- 
sylvanian) age; "Walden 8and.stone/' 
Roof and floor are shale. Sample dry; 
cut at face of No. 4 cross entry, 3,000 feet 
northwest of mouth, May 10, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. In. 

Coal, lustrous, massive, cubical 

structure (sampled) 1 9 

Coal, laminated (sampled) 1 



2 9 



Bituminous coai from same 

mine and bed as No. 22235. Sample dry; 

cut at face of No. 7 cross entry, 2,000 feet 

northeast of mouth. May 10, 1915, by 

F. R. Clark. Section of bed at point of 

sampling is as follows: 

Ft. in. 

Coal, massive (sampled) 1 6 

Coal, laminated (sampled) 1 

2 6 

22237* Bituminous coal from No. 2 
(drift) mine of New Etna Coal Co., 7 
miles northwest of Whiteside. Coal bed, 
Kelley; Carboniferous (Pennsylvanian) 
age; '^Walden sandstone.'' Roof and 
floor are shale. Sample damp; cut at 
face of No. 1 left entry, 1,000 feet south- 
west of mouth. May 10, 1915, by F. R. 
Clark; represents 2 feet 6 inches of Iua* 
trous jet-black coal, the entire thickneas 
of the bed. 
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SEB8. A compcMdte of samples 22235 

to 22237, inclusive. 

tMlm Bituminous coftl from Old Etna 
No. 1 (drift) mine of Castle Rock Coal it 
Coke Co., li miles west of Whiteside, on 
Nftshville, Chattanooga & St. Louis Rail- 
way. Coal bed, Old Etna; Carbonifer- 
ous (Pennsylvanian) age; "Walden sand- 
stone." Sioof is sandy shale and floor is 
clay. Sample wet; cut at face of main 
entry, 165 feet west of mouth. May 8, 1915, 
by F. R. Clark; represents 2 feet 1 inch 
of hard, lustrous coal, entire thickness of 
the bed. 

7XZSZ, Bituminous coal from Old Etna 
No. 2 (drift) mine of Castle Rock Coal & 
Coke Co. Location of mine about the 
same as No. 22251. Coal bed, Old Etna. 
Sample wet; cut at face of main entry, 
200 feet south-southwest of mouth, May 
8, 1915, by F. R. Clark; represents 1 foot 
U inches of hard bright coal, the total 
thickness of the bed. 

22253. Composite of samples 22251 and 
22252. 

22254. Bituminous coal from Castle 
Hnrk (drift) mine of Castle Rock Coal & 
Coke Co., 1 mile west of Wlilteside, on 
XashvDle, Chattanooga & St. Louis Rail- 
way. Coal bed. Castle Rock; Carbonif- 
erous (Pennsylvanian) age; ''Walden 
sandstone." Roof is sandy shale and 
floor is clay. Sample wet; cut at face of 
main entry, about 200 feet south of 
mouth, May 8, 1915, by F. R. Clark. Sec- 
tion of bed at point sampled is as follows: 

Ft. In. 

Bone and sulphur 1 

Coal, very bright and hard (sam- 
pled) 101 

Coal, laminated (sampled) 7 

Rash 11 

Coal, lustrous and soft (sampled). . 2 1 



3 9 



222S5. Bituminous coal from same 
mine and bed as No. 22254. Sample 
damp; cut at face of No. 1 right entry, 175 
feet S. 20** W. of mouth. May 8, 1915, by 
1^. R. Clark. Section of bed at point 
aunpled is as follows: 



Ft. In. 

Coal, soft and laminated (sampled). 2 

Coal, rashy (sampled) 4 

Rash 3 



ttU§» A composite of samples 22254 
and 22255. 

S2257* Bituminous coal from Clements 
(drift) prospect of Tennessee River Coal 
it Coke Co., about 1 ndle southwest of 
Whiteside, on Nashville, Chattanooga St 
St. Louis Railway. Coal bed, Castle 
Rock; Carboniferous (Pennsylvanian) age; 
''Walden sandstone.*' Roof is sandy 
shale and floor is clay. Sample damp and 
slightly weathered ; cut from rib of main 
entry, 100 feet southwest of mouth. May 8, 
1915, by F. R. Clark; represents 3 feet 4 
inches of hard, massive coal, entire thick- 
ness of bed. 

tZZSS* Bituminous coal from Bessie 
(drift) prospect of Tennessee River Coal & 
Coke Co., 1 mile southwest of Whiteside, 
on Nashville, Chattanooga & St. Louis 
Railway. Coal bed. Old Etna; Carbonif- 
erous (Pennsylvanian) age; ''Walden 
sandstone.'' Roof is sandy shale and 
floor Is c lay. Sample dry and wea thered ; 
cut from rib in main entry, 400 feet south 
of mouth. May 8, 1915, by F. R. Clark; 
represents 2 feet 1 inch of hard, lustrous 
coal, entire thickness of bed. 

ZZZVim Bituminous coal from Wliitwell 
No. 1 (drift) mine of Tennessee CoaU 
Iron & Railway Co., 1 mile southwest of 
Whitwell, on Pikeville branch of Nash- 
ville, Chattanooga & St. Louis Railway. 
Coal bed, pewanee; Carboniferous (Penn- 
sylvanian) age; ^'Walden sandstone." 
Roof and floor are shale. Sample dry ; cut 
in face of No. 23 south entry, 5,500 feet 
S. 21^ W. of mouth, May 15, 1915, by F. R. 
Clark; represents 3 feet 4} inches of hard 
massive coal, entire thickness of bed. 

22268. Bituminous coal from Whitwell 
No. 5 (drift) mine of Tennessee Coal, Iron 
& Railway Co., If miles northwest of 
WTiitwell, on Pikeville branch of Nash- 
ville, Chattanooga & St. Louis Railway. 
Coal bed, Sewanee; Carboniferous (Penn- 
sylvanian) age; "Walden sandstone." 
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Roof and floor are shale. Sample dry ; cut 
at face of No. 7 north entry o£f main haul- 
age way, 1,150 feet N. 39** E. of mouth, 
May 15, 1915, by F. R. Clark; repsesents 
3 feet 5 inches of very hard, massive coal, 
total thickness of bed. 

ZZZ$9» Bituminous coal from same 
mine and bed as No. 22268. Sample dry; 
cut at face of main slope entry, 500 feet 
north and 2,750 feet N. 21^ E. from 
mouth of main haulage way. May 15, 
1915, by F. R. Clark; represents 3 feet 3 
inches of hard, bedded coal, total thick- 
ness of bed. 

22270* Bituminous coal from same 
mine and bed as No. 22268. Sample dry; 
cut at face of No. 4 north entry off main 
haulage way, 1,850 fe^t N. 39^ E. of 
mouth, May 15, 1915, by F. R. Clark; 
represents 3 feet 3 inches of extra hard, 
massive coal, total thickness of bed. 

22271. Composite of samples 22267 to 
22270, inclusive. 

22370. Bituminous coal from Long 
Ridge (drift) mine of Tennessee Consoli- 
dated Coal Co., 7 miles east of Tracy City, 
on Tracy City branch of Nashville, Chat- 
tanooga & St. Louis Railway. Coal bed, 
Sewanee; Carboniferous (Pennsylvanian) 
age ; ' * Walden sandstone . ' ' Roof is shale 
and floor is clay. Sample damp and 
slightly weathered; cut at face of main 
entry, 250 feet S. 45® E. of mouth. May 
18, 1915, by F. R. Clark; represents 3 feet 
3 inches of hard, massive coal, entire 
thickness of bed. 

22398. Bituminous coal from Pryor 
Ridge No. 1 (drift) mine of Tennessee 
Consolidated Coal Co., 5) miles east of 
Tracy City, on Tracy City branch of 
Nashville, Chattanooga & St. Louis Rail- 
way. Coal bed, Sewanee; Carboniferous 
(Pennsylvanian) age; ''Walden sand- 
stone." Roof and floor are shale. Sam- 
ple dry; cut at face of room 6 off Thomp- 
son entry off left main entry, 1,200 feet 
N. 10*» E. of mouth, May 18, 1915, by 
F. R. Clark; represents 3 feet 6 inches of 
soft, glossy coal, entire thickness of bed. 

22399. Bituminous coal from same mine 
and bed as No. 22398. Sample dry; cut 
at face of No. 4 right entry off No. 5 right 



entry off left main entry, 2,700 feet east of 
mouth, May 18, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. In. 

Clay,soft i 

Coal, soft and laminated (sam- 
pled) 8 

Coal, massive and hard (sampled). 4 



4 8} 

22400. Bituminous coal from same mine 
and bed as No. 22398. Sample dry; cut 
at face of No. 5 right entry off right main 
entry, 1,800 feet N. 45** W. of mouth. May 
18, 1915, by F. R. Clark. Section of bed 
at point sampled is as follows: 

Ft. in. 

Coal, massive and hard (sampled) .3 11} 
Rash i 



4 



22401. Bituminous coal from same mine 
and bed as No. 22398. Sample dry; cut 
from stump No. 20 off No. 5 left entry off 
right main entry, 1,900 feet S. 80^ W. of 
mouth. May 18, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. in. 

Coal, laminated (sampled) 3 

Mineral charcoal (sampled) 1 

Coal, laminated (sampled) (> 

Coal, massive and hard (sampled) . . 2 

Coal, soft and laminated (sampled) 1 , 
Coal, massive and very hard (sam- i 

pled) 1 : 



5 1 



22402. Composite of samples 22398 to 
22401, inclusive. 

XOBQAV cotnrTY. 

21083. Bituminous coal (weathered) 
from Frozen Head (drift) mine, formerly 
operated by State of Tennessee, 1} miles 
north of Petros, at terminus of Harriman 
& Northeastern Railroad. Coal bed, 
Frozen Head; Carboniferous (Penns)!- 
vanian) age ; Scott shale ( ?) . Roof is shale 
and floor is fire clay. Sample dry aod 
slightly weathered; cut from rib on maiA 
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entry, 900 feet north of mouth, February 
18, 1915, by F. R. Clark. Section of bed 
at point sampled ib aa follows: 

Ft. in. 
Coal, bright and laminated (sam- 
pled) 6 

Clay and rash interbedded 2 

Coal, bright and laminated (sam- 
pled) 1 2 

Cod, dull, very hard, and splint- 
like (sampled) 6 

Coal, massive, bright, and very 

hard (sampled) I 

Coal, rashy (sampled) 1 

Clay and coal lenses interbedde<l. 1} 

Rash and coal lenses interbedde<l . 4 

Clay 1 

Coal, bright suid hard 4 



4 3} 



21I84. Bituminous coal from Little 
Brushy (drift) mine of Little Brushy Coal 
Co., half a mile southwest of Stephens, on 
Harriman & Northeastern Railroad. Coal 
bed, Jellico; Carboniferous (Pennsyl- 
vanian) age ; Briceville shale ( ?) . Roof is 
sandy shale and floor is sandstone. Sam- 
ple wet; cut at mouth of room 12 off No. 1 
entry, 2,600 feet S. 43*» W. of mouth, Feb- 
ruary 20, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 
Coal, laminated, with thin bands of 

sulphur (sampled) 1 1 

Coal, bright and slightly laminated 

(sampled) 1 7i 



2 8^ 



21M. Bituminous coal from same mine 
and bed as No. 21084. Samplo damp; 
cut from face of dip entry, 2,600 feet S. 
43*» W. of mouth, February 20, 1915, by 
F. R. Clark; represents 2 feet 11 inches of 
bedded coal, locally containing thin 
bands of sulphur, entire thickness of bed. 

310M. Bituminous coal from same mine 
and bed as No. 21084. Samplo wet; cut 
in mouth of room 4 off main entry of new 
opening, 2,650 feet S. 43® W. of mouth of 
old opening, February 20, 1915, by F. R. 
Clark; represents 2 feet 10 inches of 



bedded coal, containing thin lenses of 
sulphur, entire thickness of bed. 

21087. Composite of samples 21084 to 
21086, inclusive. 

21068. Bituminous coal from the Petros 
No. 5 (drift) mine of Petros Coal Mining 
Co., 1 mile east of Petros, at terminus of 
Harriman & Northeastern Railroad . Coal 
bed, Jellico; Carboniferous (Pennsyl- 
vanian) age; Briceville shale (?). Roof 
is sandy shale and floor is shale. Sample 
dry; cut at face of No. 2 right entry, 2,000 
feet east-southeast of mouth, February 19, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 

Coal (sampled) 6 

Coal, rashy (sampled) 1 

Coal, massive (sampled) 61 

Sulphur kidney J 

Coal, massive (sampled) 1 5 

2 7 

21080. Bituminous coal from same mine 

and bed as No. 21088. Sample dry; cut 

at face of No. 3 left entry, 2,500 feet north 

of mouth, February 19, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Coal, laminated (sampled) 1 

Coal, massive and hard (sampled) . 1 4 

Coal, rashy (sampled) 1 

Coal, massive and hard (sampled). 1 1 

3 6 

21000. Bituminous coal from same mine 
and bed as No. 21088. Sample dry; cut 
at face of No. 4 entry, 2,500 feet north- 
northeast of mouth, February 19, 1915, by 
F. R. Clark; represents 2 feet 4 inches of 
bedded coal, containing thin lenses of 
sulphur, total thickness of bed. 

21001. A composite of samples 21088 to 
21090, inclusive. 

21002. Bituminous coal from State No. 
3 (drift) mine, operated by State of Ten- 
nessee, 1 mile north of Petros, at terminus 
of Harriman & Northeastern Railroad. 
Coal bed, Jellico; Carboniferous (Penn- 
8ylvanian)agc; Briceville shale (7). Roof 
is sandy shale and sandstone and floor is 
clay. Sample dry; cut at face of No. ''" 
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cro8B entry, 3.500 feet N. 55"* W. of main 
entry, Febmary 18, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. In. 

Goal, laminated, containincr thin 
lenses of solphor (sampled) 9 

Mineral charcoal (sampled) 1 

Coal, massive and hard, locally 
containing thin streaks of min- 
eral charcoal (sampled) 1 10 

Rash 2 

2 10 

21MS. Bituminous coal from same 
mine and bed as No. 21092. Sample dry; 
cut at face of No. 9 cross entry, 3,800 feet 
N. 55° W. of main entry, February 18, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 

Coal (sampled) 1} 

Mineral charcoal (sampled) 1 

Coal, laminated (sampled) 6} 

Mineral charcoal (sampled) 2 

Coal, massive (sampled) 1 5 

Coal, containing thin lenses of 

mineral charcoal (sampled) 5 

Coal, massive, containing lenses of 

mineral charcoal (sampled) 1 5 



4 2 



21§M« Bituminous coal from same 
mine and bed as No. 21092. Sample dry; 
cut at face of No. 8 cross entry, 4,500 feet 
S. 55** E. of main entry, February 17, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: . 

Ft. in. 
Coal, containing lenses of sulphur 

(sampled) 4 

Coal, slightly laminated (sampled). 1 10 
Coal, containing bands of mineral 

charcoal (sampled) 5 



2 7 

tl9$$m Bituminous coal from same 
mine and bed as No. 21092. Sample dry; 
cut at face of No. 12 cross entry, 4,400 feet 
S. 55® E. of main entry, February 17, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 



Ft. In. 

Coal, massive and hard (sampled). 8 

Coal, soft (sampled) 2 

Coal, massive and hard (sampled). 8 

Mineral charcoal (sampled) i 

Coal, laminated (sampled) 6 

Coal, massive and hard (sampled). 1 8 



3 8) 

21tN. A composite of samples 21092 to 
21095, inclusive. 

21itf« Bituminous coal from Slope 
mine of Conger Coal Co., 1} miles north- 
east of Coalfield, on Harriman A North- 
eastern Railroad. Coal bed. Coal Creek; 
Carboniferous (Pennsylvanian) age; Brice- 
ville shale. Sample wet; cut at mouth of 
No. 1 east entry, 250 feet northeast of 
slope mouth, February 22, 1915, by 
F. R. Clark. Section of bed at point 
sampled b as follows: 

Ft. In. 
Coal, bright and laminated (sam- 
pled) 9i 

Coal, bright and very hard (sam- 
pled) 1 1 

Coal, bright and massive (sam- 
pled) 1 5i 

Rash (sampled) i 

Coal, massive (sampled) 1 2} 

Coal (reported) 4 



4 10} 



21100. Bituminous coal from the Con- 
ger or Old Baker (drift) mine of Conger 
Coal Co., 1} miles northeast of Coalfield, 
on Harriman & Northeastern Railroad. 
Coal bed. Coal Creek; Carboniferous 
(Pennsylvanian) age; Briceviile shale. 
Roof is sandy shsde and floor is clay. 
Sample damp; cut at face of No. 2 right 
entry, 1,800 feet northeast of mouth, 
February 23, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. In. 
Coal, massive, bright, and hard 

(sampled) 3 10 

Coid and sulphur lenses inter- 
bedded 5 



4 3 
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mil* BitominouBcoftl from same mine 
and bed as No. 21100. Sample dry; cut 
ftt face of No. 6 right entry, 2,000 feet 
northeast of mouth, February 23, 1915, 
by F. R. Clark, ^tion of bed at 

point sampled is as follows: 

Ft. In. 
Shale and lenses of coal inter- 
bedded 2 

Coal, laminated (sampled) 2 4 

Coal, very soft (sampl^) 6 

Sulphur kidney J 

CoaJ, hard and massive (sampled). 8} 
Goal and sulphur lenses inter- 
bedded 2 



3 11 



211i2. Bituminous coal from same mine 

and bed as No. 21100. Sample dry; cut 

at face of No. 8 right entry, 2,000 feet 

northeast of mouth, February 23, 1915, by 

F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in. 

Shale, coal, and sulphur lenses in- 

terbedded 2 

Coal, soft and bright (sampled ) — 11 

Coal, bright and hard (sampled ) . . . 7 

Sulphur and coal interbedded 1 

Coal, containing thin lenses of 

sulphur (sampled) 1 10 

Coal and sulphur lenses inter- 
bedded 2 



3 9 

Silts. A composite of samples 21100 to 
21102, inclusive. 

211M. Bituminous coal from Bowing 
(drift) mine of Coalfield Coal Co., 1} miles 
northeast of Coalfield, on Harriman & 
Northeastern Railroad. Coal bed, Coal 
Creek; Carboniferous (Pennsylvanian) 
age; Briceville shale. Roof is shale and 
floor is sandy shale. Sample dry; cut in 
No. 6 left entry, off No. 1 entry, 2,400 
feet N. 30® W. of mouth, February 22, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 

Coal, bright and hard (sampled)... 1 2 
Ccial, containing lenses of sulphur 

(sampled) 10 

Clay, containing bands of coal 3 



Cky 

CoflJ, bright and soft (sampled). 



Ft. in. 

4 

. 1 8 



tilts* Bituminous coal from same mine 
and bed as No. 21104. Sample damp and 
rib weathered; cut in main Fisher entry, 
600 feet northeast of mouth, February 22, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 
Coal, containing sulphur kidneys 

(sampled) 8J 

Coal, rashy (sampled) 1 

Coal, massive, containing some 

sulphur kidneys (sampled) 2 i 

Clay, containing bands of coal. . . 5 

Coal (sampled) 11 

Coal (reported) 1 



211tt. Composite of samples 21104 and 
21105. 

21145. Bituminous coal from Coal Cut 
(drift) mine of J. A. Fagan, at Bluegem 
siding, on Harriman & Northeastern Rail- 
road. Coal bed, Blue Gem; Carbonifer- 
ous (Pennsylvanian) age; Briceville 
shale. Roof is shale or sandy shale and 
floor is clay. Sample dry and rib weath- 
ered; cut in main entry 250 feet east of 
mouth February 26, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 



Ft. 



Coal, hard and bright (sampled).. 

Rash and clay 

Coal, bright and hard (sampled).. 
Rash and clay 



in. 
9J 

i 
8J 

2 



1 8i 

2114t. Bituminous coal from Thornton 
(drift) mine of John Thornton, 1^ miles 
southeast of Coalfield, on Harriman & 
Northeastern Railroad. Coal bed, Blue 
Gem; Carboniferous (Pennsylvanian) 
age; Briceville shale. Roof is shale and 
floor is clay. Sample wet and weathered ; 
cut at face of No. 1 left entry, 100 feet 
north and 50 feet west from mouth, Feb- 
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naij 26, 1915. by F. R. Clark. Section 
€A b«d at pfAnt sampled 'u as foUovs: 

Ft. in. 

Cool^blocky 9 

Clay 2 

Coal, badly cnuhed and mixed 

With clay 4 

Coal, hard, bright, and massive 

(sampled) 2 3 



3 6 

m47* Bitnminoiu coal from Davis 

(iragoa drift; mine of H. U. Davis, three- 

fcmrths of a mile west of Coalfield, on 

Harriman & Xortheastem Railroad. Coal 

l>e^l, OfSil Creek f?;; Carboniferous (Penn- 

sy 1 vanian ; age ; Brioeville shale ( ?) . Roof 

is sandy shale and floor is clay. Sample 

damp; rut in first right entry 200 feet 

east of main entry February 25, 1915, by 

F. R. C'lark. Section of bed at point 

sample^l is as follows: 

Pt. In. 

Coal, bright and hard ^sampled) ... 1 7 
Clay with bands of rash inter- 
bedded 1 2 

Coal (sampled) 11 

Clay 11 

Coal (sampled) 10 



21148* Bituminous coal (vreathered) 

from Summers (wagon drift) mine, 8 

milcH eai<tof Lanc^ing, on Cincinnati, New 

C>rlpans & Texas Pacific Railway. Coal 

IxhI, no name; Carboniferous (Pennsyl- 

vanian) age; Wartburg sandstone. Roof is 

sandHtono and fl(X)r is clay. Sample wet; 

cut at face of main entry, 230 feet S. 30** 

K. of mouth, February 25, 1015, by F. R. 

Clark. KiK'tion of b(5<l at point sampled 

is aH follows: 

Ft. In. 

Coiil, bright and blocky (sampled). 10 

Ra^h and day interbedded 4 

Coal, masHivo and bhx-ky (sam- 
pled) 2 2 



A yoffthcMtera BMlwad^ Goilbed, 
no name; CaibonilemiB (PeDnsyhranian) 
age; Wartbmg aandslaiie. Roof is sandy 
shale and floor is clay. Sample wei and 
weatheied; cut from rib in main entry 200 
feet acmth of moath Febmary 24, 1915, by 
F. R. dark. Section of bed at point 

sampled is as foDows: 

Ft. in. 

Coal, floft and laminated (sampled) 8 
Coal, hard and massive (aamjiM). 2 6 



21149. Bituminous coal (weathered) 
from Lay man CO (wagon drift) mine, 6 
miles west of Stephens's switch, on Ilarri- 



3 2 
SUM. Bitnminoiu coal from Bottom- 
lee (drift) mine of L. M. Bottomlee, 2 
miles west-soathwest of Blnegem siding,- 
on Harriman A Northeastern Railroad. 
Coal bed, Blue Gem; Carboniferous 
(Pennsylvanian) age; Briceville shale. 
Roof is aandy shale and floor is clay. 
Sample dry; cut in face of No. 1 right 
entry, 650 feet west of mouth, February 
26, 1915, by F. R. Clark; represents 2 feet 
of hard, massive coal, entire thickness of 
I bed. 

21151. Bituminous coal (weathered) 
from Grassy Ridge (drift mine) of Chat- 
tanooga Gas Co., 1} miles west of Christ- 
mas siding, on Harriman A Northeastern 
Railroad. Coal bed, Grassy Ridge; Car- 
boniferous (Pennsylvanian) age; " Walden 
sandstone.*' Roof is sandy shale and 
floor is clay . Sample dry and weathered ; 
cut from rib in main entry of new open- 
ing, 250 feet north of mouth, February 
27, 1915, by F. R. Oark; represents 2 feet 
1} inches of hard, massive coal, total 
thickness of bed. 

21152. Bitimunous coal (weathered) 
from Harriman (slope) mine of Chatta- 
nooga Gas Co., half a mile west of Christ- 
mas siding, on Harriman A Northeastern 
Railroad. Coal bed, Hooper; Carbonif- 
erous age; formation not identified. Roof 
is sandy shale and floor is clay. Sample 
wet and rib weathered; cut from rib in 
main slope, 50 feet south of mouth, Feb- 
ruary 27, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Rash and coal interbedded 3 

Coal, hard and massive (sampled). 3 10 
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mSS* Bittuninoufl coal (weathered) 
from Smith (wagon drift) mine, a quarter 
of a mile south of Christmas siding, on 
Harriman A Northeastern Railroad . Coal 
bed, Hooper (?); Carboniferous age; for- 
mation not identified. Roof is sandy 
shale and floor is clay'. Sample wet; cut 
from rib in main entry 100 feet south of 
mouth, February 27, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft Id. 

Rash 2 

Coal, very bright and hard (sam- 
pled) 4 

Coal, veiy duU and very hard 

(sampled) IJ 

Coal, bright, hard, and massive 

(sampled) Hi 

Rash 2 



1 9 



21412* Bituminous coal from Pruden- 
tial (drift) mine of Prudential Coal Min- 
ing Co.y 3i miles northwest of Oliver 
Springs, on Southern Railway and Louis- 
ville & Nashville Railroad. Coal bed, 
Coal Creek; Carboniferous (Pennsyl- 
\'anian) age; Briceville shale. Roof is 
shale and sandy shale and floor is clay. 
Sample damp; cut at face of No. 13 left 
entry, 850 feet north and 2,300 feet north- 
west from mouth, March 9, 1915, by F. R. 
Clark. Section of bed at point sampled is 

as follows: 

Ft. In. 

Coal, laminated (sampled) 3 

Coal, soft and badly crushed (sam- 
pled) 10 

CgoI, massive (sampled) 2 1 



214U. Bituminous coal from same mine 
and bed as No. 21412. Sample dry; cut 
at face of No. 12 left entry, 850 feet north 
and 2,000 feet northwest from mouth, 
March 9, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 



Ft. in. 
Coal, soft and badly crushed (sam- 
pled) 3 8i 

3 10 

21414. Bituminous coal from same mine 
and bed as No. 21412. Sample dry; cut 
at face of No. 11 left entry, 850 feet north 
and 1,800 feet northwest from mouth, 
March 9, 1915, by F. R. Clark; represents 
4 feet 4 inches of soft and badly crushed 
coal, total thickness of bed. 

214U. Composite of samples 21412 to 
21414, inclusive. 

21416. Bituminous coal from Richards 
(drift) mine of Middle Creek Coal Co., 3 
miles northwest of Oliver Springs, on 
Southern Railway and Louisville & Nash- 
ville Railroad. Coal bed. Coal Creek; 
Carboniferous (Pennsylvanian) age; 
Briceville shale. Roof is shale and sandy 
shale and floor is clay. Sample damp; 
cut at face of main face entry, March 9, 
1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. in. 
Coal, laminated, containing thin 

bands of sulphur (sampled) 1 8 

Coal, very dull and hard (sampled) 4 
Coal, massive and badly crushed 

(sampled) 2 6 



Hash and sulphur lenses inter- 
bedded 



Ft. in. 



li 



21417. Bituminous coal from same mine 
and bed as No. 21416. Sample dry; cut 
at face of main entry, March 9, 1915, by 
F . R . Clark . Section of bed at point sam- 
pled is as follows: 

Ft. In. 
Rash, coal, and sulphur lenses 

interbedded 1 2 

Coal, containing lenses of sulphur 

(sampled) 10 

Coal, badly crushed (sampled) . . 1 4 

Sulphur kidney 3 

Coal, crushed (sampled) 1 8i 

Sulphur kidney 1 

Coal, hard and massive (sampled) 3 6 

8 10} 

21418. Composite of samples 21416 and 
21417. 
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21419. Bituminous cool from WilliamB 

(wagon drift) mine, operated by James 

Williams, 1} miles north-northwest of 

Oliver Bprings, on Southern Railway and 

Louisville \fc Nashville Railroad. Coal 

bed, Coal Creek; Carboniferous (Pennsyl- 

vanian) age; Briceville shale. Roof is 

shale and floor is clay. Sample cut in 

main entry 100 feet west of mouth, March 

10, 1915, by F. R. Clark. Section of bed 

at point sampled is as follows: 

Ft. in. 

Coal and rash interbedded (sam- 
pled) 5 

Coal, bright, hard, and blocky 
(sampled) 2 6 

Rash 10 



Pt. 



3 9 

Zl^SS^* Bituminous coal from Levan 
(wagon drift) mine, operated by W. H. 
Levan, IJ miles west-northwest of Oliver 
Springs, on Southern Railway and Louis- 
ville & Nashville Railroad. C'Oal bed, 
Old Eagle; Carboniferous (Pennsylva- 
nian) age; Briceville shale. Roof is 
shale and floor is clay. Sample dry; cut 
at face of Butt entry, 250 feet north of 
mouth, March 10, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. in. 

Coal and rash interbedded 5 

Coal, very hard, massive, and 

blocky (sampled) 1 10 

Coal and rash interbedded 3 



2 6 

21421* Bituminous coal from Old Mount 
Carbon (drift) mine, operated by John 
Roddy, 2i miles north-northwest of Oliver 
Springs, on Southern Railway and Louis- 
ville & Nashville Railroad . Coal bed , Coal 
Creek; Carboniferous (Pennsylvanlan) 
age; Briceville shale. Roof is shale and 
floor is clay. Sample dry but shows no 
appreciable weathering after about 14 
years' exposure to the mine air; cut in 
main entry, 75 feet east of mouth, March 
10, 1915, by P. R. Clark. Section of bed 
at point sampled is as follows: 



Rash and coal interbedded 

Coal, bright, massive, and splint- 
like (sampled) 2 



in. 

2 

8 



2 10 



ZHZZ. Bituminous coal from Signal 
Mountain (drift) mine of Signal Mountain 
Coal Co., 2| miles north-northwest of 
Oliver Springs, on Southern Railway and 
Louisville & Nashville Railroad. Coal 
bed. Coal Oeek; Carboniferous (Pennsyl- 
vanlan) age; Briceville shale. Roof is 
shale and floor is clay. Sample dry; cut 
at face of main entry, 250 feet north of 
mouth, March 10, 1915, by F. R. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. in. 

Coal with thin bands of sulphur 
interbedded (sampled) 7 

Coal, massive, bright, and hard 
(sampled) 2 



21423. Bituminous coal from Poplar 
Creek (drift) mine of Butler & Denton, 
4 miles north-northwest of Oliver Springs, 
on Southern Railway and Loiusville & 
Nashville Raibro^d. Coal bed, Coal 
Creek; Carboniferous (Pennsylvanlan) 
age; Briceville shale. Roof is sandy 
shale and floor is clay. Sample dry and 
rib weathered; cut from rib in main 
entry 400 feet north of mouth March 10. 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 
Coal, bedded, containing some 

rash (sampled) 7 

Clay 2 

Coal, soft and bedded (sampled) . . 7i 

Sulphur kidney 1 

Cold, massive and hard (sampled). 2 8 

TT 

21424. Bituminous coal from Big 
Mountain (drift) mine of Big Mountain 
Coal Co., 3} miles north-northwest of 
Oliver Springs, on Southern Railway and 
Louisville & Nashville Railroad. Coal 
bed, Coal Creek; Carboniferous (Penn- 
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syl^-anian) age; Briceville shale. Sam- 
ple dry and posribly slightly weathered; 
cut from rib in main entry, 300 feet north 
of mouth, March 10, 1915, by F. B. Clark. 
Section of bed at point sampled is as 

follows: 

Ft. In. 

Rash and coal interbedded 1 

Coal, massive and blocky (sam- 
pled) 6 

Clay 3 

Coal, massive and blocky (sam- 
pled) 2 7 

Coal (under water) 4 



3 9 

214tt» Bituminous coal from Reed 
(drift) mine of Oliver Springs Coal & 
Clay Co., 1 mile west-northwest of Oliver 
Springs, on Southern Railway and Louis- 
ville & Nashville Railroad. Coal bed, 
not identified; Carboniferous (Pennsyl- 
vanian) age; Lee (?) formation. Roof is 
Bhale and floor is fire-clay. Sample dry; 
cut at face of No. 2 right entry, 800 feet 
north and 500 feet east from mouth, 
March 10, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 
Coal, containing thin bands of rash 

and sulphur (sampled) 4 

Coal, massive and hard (sampled). 1 6 

1 10 

nilM. Bituminous coal from Jackson 
(drift) mine of Jackson Coal Co., 1} miles 
northwest of Oliver Springs, on Southern 
Railway and Louisville & Nashville Rail- 
road. Coal bed, Coal Creek; Carbonif- 
erous (Pennsylvanian) age; Briceville 
shale (?). Roof is shale and sandy shale 
and floor is clay. Sample dry and pos- 
sibly slightly weathered; cut from rib in 
naain entry 400 feet northwest of mouth 
March 9, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

^oal, containing some rash 2} 

Coal, massive, very hard, and 

flinty (sampled) 2 



Ft. in. 
Coal, soft and badly crushed 
(sampled) 10 



3 i 
91428. Bituminous coal from Catoosa 
(drift) mine of Tennessee Timber, Coal 
& Iron Co., 3 miles west-southwest of 
Nemo, a station on the Cincinnati, New 
Orleans & Texas Pacific Railway. Coal 
bed, Walden Ridge; Carboniferous (Penn- 
sylvanian) age; Lee (?) formation. Roof 
is sandy shale and floor is clay and 
sandy shale. Sample dry and possibly 
slightly weathered; cut at face of room 
2 off No. 1 right entry, 75 feet north 
of mQUth, March 8, 1915, by F. R. Clark. 
Section of bed at point sampled is as 
follows: 

Ft. In 

Coal 1 

Rash and shale intermixed 5 

Coal, soft and crushed (sampled). . 2 2 



8 



OVBBTOV COUVTY. 



Mi78. Bituminous coal from Overton 
(drift) mine of Overton Coal & Coke Co., 
2} miles northwest of Highland Junction, 
on Crawford branch of Tennessee Central 
Railroad. Coal bed, Bon Air No. 2; 
Carboniferous (Pennsylvanian) age; Lee 
formation. Roof is sandy shale and floor 
is shale. Sample damp; cut at face of 
main straight entry, 460 feet southwest 
of mouth, February 10, 1915, by F. R. 
Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Coal 3 

Sulphur kidney IJ 

Coal (sampled) 7i 

Coal, impure, containing sulphur 

kidneys 1 

Coal, massive (sampled) 3 6} 

4 7i 

9M79. Bituminous coal from same mine 
and bed as No. 20978. Sample damp; 
cut at face of main entry, 1,200 feet N. 
20** W. of mouth, February 10, 1915, by 
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F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in- 
Coal, interbedded with bands of 

shale 3 

Coal, laminated, containing thin 

lenses of sulphur (sampled) 1 

Coal, impure (sampled) 1 

Coal, massive (sampled) 3 6 

4 10 

20080. Bituminous coal from same 
mine and bed as No. 20978. Sample 
damp and rib weathered; cut in No. 1 
left entry, 600 feet from mouth, February 
10, 1915, by F. R. Clark. Section of 
bed at point sampled is as follows: 

Ft. in. 

Coal, containing thin bands of shale 2 

Coal (sampled) 1 1 

Sulphur kidney 2 

Cold, massive (sampled) 3 4 



4 9 

20081* Composite of samples 20978 to 
20980, inclusive. 

20001. Bituminous coal from Obey 
River (drift) mine of Obey River Coal 
Co., half a mile east of Obey City station, 
on Crawford branch of Tennessee Central 
Railroad. Coal bed, Bon Air No. 2; 
Carboniferous (Pennsylvanian) age; Lee 
(7) formation. Roof is sandy shale and 
floor is shale. Sample dry and rib 
weathered; cut at face of cross entry, off 
No. 1 left entry, 500 feet northeast of 
mouth, February 11, 1915, by F. R. 
Clark. The mine was not in operation 
at the time the sample was taken. Sec- 
tion of bed at point sampled is as follows: 

Ft. in. 

Coal (sampled) 2 4J 

Rash 5 



2 91 

20002* Bituminous coal from Peacock 
(drift) mine of Peacock Coal Co., one- 
eighth mile west of Obey City station, 
on Crawiord branch of Tennessee Central 
Railroad. Coal bed, Bon Air No. 2; 
Carboniferous (Pennsylvanian) age; Leo 
(7) formation. Roof is sandstone and 



floor is shale. Sample dry and fresh; 
cut at face of cross entry off No. 1 right 
entry, 1,000 feet southwest of mouth, 
February 11, 1915, by F. R. Clark; 
represents 2 feet 6 inches of maasive coal, 
entire thickness of bed. 

PUTFAM COtTHTT. 

20000* Bituminous coal from Monterey 

(drift) mine, operated by R. E. Hodge, 

2 miles north of Monterey, on Tennessee 

Central Railroad. Coal bed, Bon Air 

No. 2; Carboniferous (Pennsylvanian) age; 

Bonair sandstone. Sample damp; cut 

at face of main entry, 200 feet south of 

drift mouth, February 12, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Coal, laminated (sampled) 9 J 

Coal, locally containing sulphur 

kidneys (sampled) 1 

Coal, laminated (sampled) 1 4 

Sulphur kidney 1} 

Coal (sampled) 1 CJ 

Rash 5 



RHEA coxnrTY. 



4 3i 



22158. Bituminous coal from Montague 

No. 6 (slope) mine of Durham Coal & 

Iron Co., 2 miles north of Graysville, on 

Cincinnati, New Orleans & Texas Pacific 

Railway. Coal bed, Nelson (lower 

bench); Carboniferous (Pennsylvanian) 

age; Lookout sandstone. Roof and floor 

sandstone. Sample dry; cut in face 

of room 1 off main entry, 400 feet west of 

mouth, May 1, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. In. 

Shale 2 

Coal, steel-gray, very hard, and 

brittle (sampled) 2 7 



22150* Bituminous coal from Montague 
No. 1 (drift) mine of Durham Coal A Iron 
Co., 2 J miles north of Graysville, on Cin- 
cinnat'. New Orleans & Texas Pacific 
Railway. Coal bed. Nelson (top bench); 
Carboniferous (Pennsylvanian) age; Look- 
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out sandstone. Roof is sandy shale and 
floor is sandstone. Sample dry; cut 
from air-course pillar off No. 2 haulage 
off No. 1 main entry, May 1, 1915, by 
F. R. Clark. Section of bed at point 
eampled is as follows: 

Ft. in. 

Raah 2 

Clay 1 

RasL 3 

Coal, badly crushed and contorted 

(sampled) 2 4 



2 10 



221(5. Bituminous coal from same mine 
and bed as No. 22159. Sample dry; cut 
from chain pillar off main entry May 1, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. In 
Clay 4 

Raah 2 

Coal, impure and badly crushed 

(sampled) 7 

Shale 1 

Coal, steel-gray and badly crushed 

(sampled) 2 7 



3 9 



22180. Bituminous coal from Montague 
No. 3 (drift) mine of Durham Coal & Iron 
Co., 2 J miles north of Graysville, on 
CincLnnati, New Orleans & Texas Pa- 
cific Railway. ' Coal bed, Sewanee; Car- 
boniferous (Pennsylvanian) age; "Wal- 
den sandstone." Roof and floor are 
sandy shale. Sample dry; cut at face 
oi No. 8 right entry, 3,200 feet N. 20° 
E. and 500 feet S. 70° E. from mouth, 
April 30, 1915, by F. R. Clark. Sample 
represents 1 foot 10 inches of laminated 
and lustrous coal, entire thickness of bed. 

22181. Bitiuninous coal from Montague 
No. 5-A (drift) mine of Durham Coal & 
Iron Co., 2f miles north of Graysville, 
on Cincinnati, New Orleans & Texas Pa- 
cific Railway. Coal bed, Sewanee; Car- 
boniferous (Pennsylvanian) age; "Wal- 
den sandstone. ' ' Roof and floor are sand- 
stone. Sample dry; cut at face of No. 2 
tight entry, 600 feet east of mouth, April 

98867°— Bull. 621— 1(J 21 



30, 1915, by F. R. Clark. Section of bed 
at point sampled is as follows: 

Ft. in. 

Coal and rash interbedded 3 

Coal, badly crushed (sampled) 3 4 

Rash. 1 



4 7 



22182. Bitiuninous coal from same mine 
and bed as No. 22181. Sample dry; cut 
at face of No. 2 left entry, 1,200 feet 
north of mouth, April 30, 1915, by F. R. 
Clark; represents 2 feet 11 inches of lus- 
trous, badly crushed coal, total thickness 
of bed. 

22183. Bituminous coal from Montague 
No. 5-B (drift) mine of Durham Coal & 
Iron Co., 2f miles north of Graysville. 
Coal bed, Sewanee; Carboniferous (Penn- 
sylvanian) age; "Walden sandstone." 
Roof is sandy shale and floor is sandstone. 
Sample dry; cut from pillar off No. 1 
right entry, 600 feet south of mouth, 
April 30, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 
Clay 2 

Coal, laminated and cnished 

(sampled) 2 llj 

Rash 2 



3 3} 

22184. Composite of samples 22180 to 
22183, inclusive. 

BOAVE COUVTY. 

21015.1 Bituminous coal from Rock- 
wood (slope) mine of Knox Mining Co., 
three-quarters of a mile west of Rockwood 
station, on Tennessee Central Railroad. 
Coal bed, Sewanee; Carboniferous (Penn- 
sylvanian) age; "Walden sandstone" (?). 
Roof is shale and floor is clay. Sample 
dry; cut in Bill Mahom's place off No. 2 
entry, 10,500 feet northwest of mouth, 
February 15, 1915, by F. R. Clark. Sec- 
tion of bed at point sampled is as follows: 



1 Owing to the crushed condition of the coal in 
the Rockwood mine the ash varies greatly, ranging 
from about 9 per cent where there is little admix- 
ture oC foreign material to over 20 per cent where 
the shale is intimately mixed with the coal. 
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Ft. in. 

Coal, crushed (sampled) 6 

Shale i 

Coal, badly cniahed (sampled). . . 1 6} 

Shale and coal intermixed 4 

Coal, badly cniahed (sampled). . . 2 6 

4 11 

21016. Bituminous coal from same mine 
and bed as No. 21015. Sample dry; cut 
at face of Lee McNeil's place, 10,500 feet 
N. 20*» W. of mouth, February 15, 1915, by 
F. R. Clark. Sample represents 3 feet of 
soft and badly crushed coal, total thick- 
ness of bed. 

21017. Bituminous coal from same mine 
and bed as No. 21015. Sample dry; cut 
at face of John Long's place off No. 9 en- 
try, 11,500 feet N. 15** E. of mouth, Febru- 
ary 15, 1915, by F. R. Clark; represents 4 
feet 10 inches of soft and badly crushed 
coal, total thickness of bed. 

21018. Bituminous coal from same mine 
and bed as No. 21015. Sample dry; cut 
at face of W. T. Acuff's place off No. 10 
entry, 6,500 feet north of mouth, February 
15, 1915, by F. R. Clark; represents 4 feet 
i inch of soft and badly crushed coal, total 
thickness of bed. 

2102S.' Bituminous coal from McLean 
(slope) mine of Knox Mining Co., three- 
quarters of a mile south of McLean siding, 
on Tennessee Central Railroad. Coal 
bed, Sewanee; Carboniferous (Pennsyl- 
vanian) age; "Walden sandstone" (?). 
Roof is shale and floor is clay. Sample cut 
at face of Sam Day's place, 3,000 feet N. 
70** W. of mouth, February 13, 1915, by 
F. R. Clark. Section of bed at point sam- 
pled is as follows: 

Ft. In. 

Rash and carbonaceous shale 6 

Coal, rashy and badly crushed 

(sampled) 4 3 

4 9 

21024. Bituminous coal from same mine 
and bed as No. 21023. Sample dry; cut 

1 Owing to the onuhod oondltJon of the ooal in 
the McLean mine the ash varies greatly, ranging 
from about 9 per cent where there is little admix- 
ture of foreign material to over 20 per cmt where 
the shale 19 intimately mixed with the coal. 



at face of Hartberger's place, 700 feet 
ncnrthwest of mouth, February 13, 1915, 
by F. R. Clark; represents 4 feet of soft, 
crushed coal, total thickness of bed. 

tlQSZ* Bituminous coal from Walden 
Ridge (slope) mine of E. F. Blizzard, 2 
miles northeast of Hani man, on Southern 
Railway. Coal bed, Walden Ridge; Car- 
boniferous (Pennsylvanian) age; Lookout 
sandstone. Roof is sandy shale and floor 
Js clay. Sample damp; cut at face of 
room 1 of! No. 1 right entry, 300 feet north 
of mouth, February 16, 1915, by F. R. 
Clark. Section of bed at point sampled is 

as follows: 

Ft. in. 

Rash 2 

Coal, massive and hard (sampled).. 2 6 



2 8 



BOOTT COUHTT. 

21154. Bituminous coal from Phillips 
(drift) mine of Virginia Mining Co., 3 
miles west of Bear Creek Junction, on 
Cincinnati, New Orleans & Texas Pacific 
Railway. Coal bed, No. 4; Carboniferous 
age; formation not identified. Roof is 
shale and floor is clay. Sample dry; cut 
at face of room 17 of! No. 2 right entry, 
600 feet west and 1,100 feet north from 
mouth, March 1, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. In, 

Coal, bedded and hard (sampled).. 1 

Bone 1 1 

Coal, massive and hard (sampled).. 1 5 



3 6 

/SI 155. Bituminous coal from same mine 

and bed as No. 21154. Sample dry; cut 

at mouth of No. 6 right entry off main 

entry, 1,800 feet west of mouth, March 1, 

1915, by F. R. Clark. Section of bed at 

point sampled is as follows: 

Ft. In. 

Coal, laminated and hard (sam- 
pled) 1 

Bone 11 

Coal, massive and hard (sampled). . 1 7 



3 6 
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SllM* Compocdte of samples 21154 and 
21155. 

21211. Bituminous coal from Wilson 
(drift) mine of Viiginia Mining Co., 3 
miles west of Bear Creek Junction, on 
Cincinnati, New Orleans & Texas Pacific 
Railway. Coal bed. No. 4; Carboniferous 
a^; formation not identified. Roof is 
ahale and floor is clay. Sample dry; cut 
at face of room 7 off No. 4 south entry, 200 
feet west and 000 feet south from mouth, 
March 1, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 
Coal, laminated and hard (sam- 
pled) 1 2 

Bone and coal interbedded 9 

Coal, massive and hard (sampled).. 1 5 
Raah, coal, and sulphur lenses 2 

3 6 

21229. Bituminous coal from same mine 
and bed as No. 21219. Sample dry; cut 
at face of room 10 off No. 1 north entry, 
700 feet north of mouth, March 1, 1915, by 
F. R. Clark. Section of bed at point 

sampled is as follows: 

Ft. in. 

Coal, laminated and hard (sam- 
pled) 1 7 

Shale, containing thin lenses of 
coal 1 3 

Bone 5 

Coal, massive and hard (sampled). 1 7 



4 10 

21221. Composite of samplfti 21219 and 
21220. 

21218. Sample taken from a railroad 
car of slack coal from the Phillips and Wil- 
son n[iines, which had been run through 
the coal washer for the purpose of remov- 
ing the impurities. 

21222. Bituminous coal from Cross 
(wagon drift) mine of W. A. Cross, at 
Cross's crosBing, on Tennessee Railway. 
Coal bed. Faint Rock; Carboniferous 
(Pennsylvanian) age; Briceville shale. 
Roof is shale and floor is clay. Sample 
damp; cut at face of main entry, 100 feet 
northwest of mouth, March 4, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 



Ft. In. 

Coal, bright and soft (sampled) 5 

Coal, very dull and very hard 

(sampled) / 3 

Coal, massive, bright, and hard 

(sampled) 1 



1 8 



ttXXi* Bituminous coal from Opossum 
Jaw (drift) mine of George Chambers, half 
a mile south of Jakes Tank station, on 
Tennessee Railway. Coal bed, Paint 
Rock (?); Carboniferous (Pennsylvanian) 
age; Briceville shale. Roof is shale and 
floor is clay. Sample damp and weath- 
ered; cut at face of room Np. 2 (right) 
off main entry, 100 feet south and 25 feet 
west from mouth, March 3, 1915, by F. R. 
Clark. Section of bed at point sampled 
is afl follows: 

Ft. In. 

Coal, rashy (sampled) 2 

Coal, massive and hard (sampled).. 1 6 



1 8 

21Z24. Bituminous coal from Sexton 
(drift) mine of Sexton Bros., 1,000 feet 
southeast of Stanley Junction station, on 
Tennessee Railway. Coal bed. Paint 
Rock; Carboniferous (Pennsylvanian) 
age ; Briceville shale . Roof is sandy shale 
and floor is clay. Sample cut at face of 
main entry, 200 feet northeast of mouth, 
March 4, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Bone and shale interbedded 9 

Coal, bright and soft (sampled) 4 

Coal, very dull and very hard (sam- 
pled) 2 

Coal, massive, bright, and hard 

(sampled) 1 10 



21225. Bituminous coal from Pumpkin 
Hollow (drift) mine of Archie McDonald, 
one-fourth of a mile northwest of Jakes 
Tank station, on Tennessee Railway. 
Coal bed. Paint Rock; Carboniferous 
(Pennsylvanian) age; Briceville shale. 
Sample dry and possibly slightly weath- 
ered; cut from rib in main entry, 250 feet 
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west of mouth, March 4, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. In. 

Shale, containing thin lenses of 
coal 4 

Coal, bright and soft (sampled). . . 4 

Coal, very dull and very hard (sam- 
pled) 2 

Coal, massive, bright, and hard 
(sampled) 1 9 



212)S6. Bituminous coal from Jakes 
Branch (drift) mine of Archie McDonald, 
one-fourth of a mile west of Jakes Tank 
station, on Tennessee Railway. [Coal bed, 
Paint Rock; Carboniferous (Pennsyl- 
vanian) age; Briceville shale. Roof is 
sandy shale and floor is clay. Sample 
dry and rib weathered; cut from rib on 
No. 2 right entry, 300 feet from mouth, 
March 3, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 
Coal, bright and soft (sampled ) — 5 
Coal, very dull and very hard (sam- 
pled) 3 

Coal, bright, massive, and hard 
(sampled) 1 2 

1 10 

21227. Bituminous coal from Keaton 
(drift) mine of Keaton Bros., 1,000 feet 
northwest of Stanley Junction station, on 
Tennessee Railway. Coal bed. Paint 
Rock; Carboniferous (Pennsylvanian) age; 
Briceville shale. Sample cut in main 
entry, 200 feet south-southwest of mouth, 
March 4, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 

Shale, containing thin lenses of 
coal 1 2 

Coal, bright and soft (sampled) — 6 

Coal, very dull and very hard (sam- 
pled) 1 

Coal, massive, bright, and hard 
(sampled) 1 9 

3 6 

2122S. Bituminous coal from Clay No. 
1 (drift) mine of Southern Clay Manufac- 



turing Co., 1 mile south of Robbins, on 
Cincinnati, New Orleans & Texas Pacific 
Railway. Coal bed, Blue Gem (?); Car- 
boniferous (Pennsylvanian) age; Wart- 
burg sandstone (?). Roof is shale and 
floor is fire clay. Sample dry; cut at face 
of main entry, 1,000 feet south of mouth, 
March 5, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Rash 5 

Coal, bright and maasive (sam- 
pled) 1 5 

Clay . 1 

Coal, bright (sampled) 4 



2 3 



21229* Bittmdnous coal from Hughctt 
(wagon drift) mine of Jasper Hughctt, 
half a mile south of Robbins, on Cincin- 
nati, New Orleans & Texas Pacific Rail- 
way. Coal bed, Blue Gem (?); Carbon- 
iferous (Pennsylvanian) age; Wartburg 
(7) sandstone. Sample dry; cut at face 
of main entry, 300 feet east of mouth, 
March 5, 1915, by F. R. Clark; repre- 
sents 1 foot 1 inch of hard, massive coal, 
total thickness of bed. 

21272* Bituminous coal from Arch 
Mountain (drift) mine of Baker Coal & 
Coke Co., 1,500 feet west of Newland sta- 
tion, on Tennessee Railway. Coal bed, 
Jellico; Carboniferous (Pennsylvanian) 
age; Briceville shale. Roof is sandy 
shale and floor is clay. Sample dr>'; cut 
at face of Nb. 2 left entry, 300 feet south- 
west, 270 feet northwest, and 140 feet 
southwest from mouth, March 2, 1915, by 
F. R. Clark. Section of bed at point 
sampled is as follows: 

Ft. in. 

Coal, massive 1 4 

Shale, with thin lenses of coal inter- 
bedded 7 

Coal, massive (sampled) 1 4 



3 3 



21314. Bituminous coal (weathered) 
from Hughett (drift) prospect of James 
Chambers, 8 miles southeast of Robbins, 
on Cincinnati, New Orleans & Texas 
Pacific Railway. Coal bed, Mud Slip; 
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CarboniferoiM (Pemuylvanian) age; 
Briceville shale (?). Roof ia shale and 
floor is clay. Sample wet; cat from face 
of entry, 25 feet west of mouth, March 6, 
1915, by F. R. Clark. Section of bed at 
point sampled is as follows: 

Ft. in. 
Coal, soft and laminated (sam- 
pled) 7 

Coal, massive (sampled) 2 9 

3 4 

titlS. Bituminous coal (weathered) 
from Newman (drift) prospect of Newman 
& Walker, 6 nulee south-southeast of Rob- 
bina, on Cincinnati, New Orleans & 
Texas Pacific Railway. Coal bed, no 
name; Carboniferous (Pennsylvanian) age; 
Briceville shale (?). Roof is shale and 
floor is clay. Sample damp; cut at face 
of main entry, 200 feet south of mouth, 
March 6, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. in. 

Goal, massive and blocky (sam- 
pled) 1 8 

Shale 1 5 

Coal, bedded, containing some 
rash (sampled) 1 

Coal, massive and blocky (sam- 
pled) 2 2 



6 3 

213M. Bituminous coal (weathered) 
from drift prospect of Will Long, 6 miles 
southeast of Robbins, on Cincinnati, New 
Orleans & Texas Pacific Railway. Coal 
bed, not identified; Carboniferous (Penn- 
eylvanian) age; Briceville shale (?). 
Hoof is shale and floor is clay. Sample 
cut at face of entry, 20 feet north of mouth , 
March 6, 1915, by F. R. Clark. Sec^tion 
of bed at point sampled is as follows: 

Ft. in. 

Rash and coal interbedded 4 

Coal, massive (sampled) 2 



ville branch of Nashville, Chattanooga & 

St. Louis Railway. Coal bed, Sewanee; 

Carboniferous(Pennsylvaman) age ; '' Wal- 

den sandstone." Roof is shale and sandy 

shale and floor is shale. Sample dry; cut 

at face of No. 9 north entry o£f No. 22 west 

entry, 4,500 feet N. 9** W., 2,350 feet S. 

19^ W., and 1,600 feet N. 9° W. from 

mouth. May 12, 1915, by F. R. Clark. 

Section of bed at point sampled is as 

follows: 

Ft. in. 

Coal, laminated, containing some 

rash (sampled) 1 1 

Coal, lustrous and contorted (sam- 
pled) 4 3 

Shale and bone 1 

Coal 2 



SXaUATGHIE OOUFTT. 

2%M. Bltununous coal from Douglas 
No. 2 (drift) mine of Chattanooga Iron & 
Coal Co., 2 miles west of Dunlap, on Pike- 



5 7 

22240. Bituminous coal from same mine 

and bed as No . 22239 . Sample cut at face 

of No. 6 north entry off No. 22 west entry, 

4,500 feet N. 9^ W., 1,675 feet S. 19** W., 

and 1,800 feet N. 9'' W. from mouth, May 

12, 1915, by F. R. Clark. Section of beil 

at point sampled is as follows: 

Ft. in. 

Coal, bright and laminated (sam- 
pled) 7 

Coal, dull, steel-gray, and hard 

(sampled) 1 

Coal, lustrous and soft (sampled). . C 

Rash and coal interbedded 4 

Coal, soft and laminated (sampled) 10 



22241* Bituminous coal from same mine 

and bed as No. 22239. Sample dry; cut 

in room 32 off No. 10 north off No. 22 

west entry, 4,500 feet N. 9° W., 2,400 

feet S. 19° W., and 1,300 feet N. 9° \V. 

from mouth, May 12, 1915, by F. R. 

Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Shale, carbonaceous 2 

Coal, rashy, containing thin bands 

of mineral charcoal (sampled). . . 4 

Coal, very bright, containing bands 

of dull coal (sampled) 3 10 



22242. Coraposit-e of samples 222S0 to 
22241, inclusive. 
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WKITS COTJHTY. 

tXMSm Bituminous coal from Bon Air 
(shaft) mine of Bon Air Coal & Iron Co., 
1} miles south of Bon Air, on Sparta 
branch of Nashville, Chattanooga & St. 
Louis Railway. Coal bed, Bon Air 
(lower bench); Carboniferous age; forma- 
tion not identified. Depth of shaft to 
base of coal bed, 212 feet. Roof and 
floor are shale. Sample dry; cut at face 
of main airway, 2,020 feet S. 41^ E. of 
shaft landing, May 24, 1915, by F. R. 
Clark; represents 2 feet 7 inches of bedded 
coal, entire thickness of bed. 

22366* Bituminous coal from same mine 
and bed as No. 22365. Sample dry; cut 
at face of No. 2 east entry, 200 feet S. 41*» 
E. and 900 feet N. 50"" £. from shaft 
landing, May 25, 1915, by F. R. Clark; 
represents 2 feet 11) inches of hard, mas- 
sive coal, total thickness of bed. 

22367. Bituminous coal from same mine 
and bed as No. 22365. Sample dry; cut 
at face of main west entry, 1,030 feet N. 
41^ W. and 400 feet N. 13*» W. from shaft 
landing. May 25, 1915, by F. R. Clark; 
represents 3 feet of hard, massive coal 
containing thin bands of sulphur, total 
thickness of bed. 

22368. A composite of samples 22365 to 
22367, inclusive. 

22366. Bituminous coal (rib weathered) 
from same mine and bed as No. 22365. 
Sample dry; cut from rib on No. 3 east 
entry, 200 feet from main face entry. 
May 24, 1915, by F. R. Clark. Section 
of bed at point sampled is as follows: 

Ft. In. 
Coal, lustrous and hard (sam- 
pled) 2 

Bone i 

Coal, cannel (sampled) 7 

Coal, massive, bright, and very 
hard (sampled) 2 6 

3 3} 

22393. Bituminous coal from Ravens- 
croft (shaft) mine of Bon Air Coal A Iron 
Co., half a mile northeast of Ravenscroft, 
on Sparta branch of Nashville, Chatta- 
nooga & St. LouiH Railway. Coal bed, 
Bon Air (?); Carboniferous age; formation 



not identified. Roof is sandstone and 
floor is shale. Depth of shaft to base of 
coal bed, J.78 feet. Sample dry; cut at 
face of cross entry ofiE Will Mm entry, 
1,500 feet northeast of shaft landing. May 
25, 1915, by F. R. Chirk. Section of bed 
at point sampled is as follows: 

Ft. in. 
Coal, massive, containing thin 

bands of sulphur (sampled) 4 2 

Clay 2 

Rash 4 



4 8 

22364. Bituminous coal from same mine 
and bed as No. 22393. Sample dry; cut 
at face of Eelley entry, 2,000 feet north 
of shaft landing, May 25, 1915, by F. R. 
Clark; represents 3 feet 8 inches of hard, 
massive coal, entire thickness of bed. 

22365. Bituminous coal from same mine 
and bed as No. 22393. Sample dry; cut 
at face of Campbell entry, 2,700 feet east 
of shaft landing, May 25, 1915, by F. R. 
Clark. Section of bed at point sampled 

is as follows: 

Ft. in. 

Coal, lustrous (sampled) 3 

Coal, containing thin lenses of 

sulphur (sampled) 1 5 

Sulphur kidney i 

Coal, massive and very hard 

(sampled) 1 11 

Sulphur kidney i 

Coal, massive and very hard 

(sampled) 10 

4 6 

22366. Bituminous coal from same mine 
and bed as No. 22393. Sample dry; cut 
in room off new west works, 1,700 feet 
west of shaft landing. May 25, 1915, by 
F. R. Clark; represents 4 feet 9 inches of 
massive coal, containing thin bands of 
sulphur and mineral charcoal, entiro 
thickness of bed. 

22367. Composite of samples 22393 to 
22396, inclusive. 

22388. Bituminous coal from Clifty 
No. 1 (drift) mine of Clifty Consolidated 
Coal Co., a quarter of a mile east of 
("lifty, at terminus of Sparta branch of 
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Nashville, Chattanooga A St. Louis Rail- 
way. Coal bed, Sewanee (?); Carbon- 
iferoufl (Pennsylvanian) age; "Walden 
sandstone*' (?). Roof is sandstone and 
floor ia shale. Sample wet; cut at face 
of No. 1 west entry, 3,450 feet N. 6* W., 
3,225 feet N. 86"" W., and 3,150 feet west 
from mouth, May 26, 1915, by F. R. 
Clark. Section of bed at point sampled 
is as follows: 

Ft. In. 

Coal, laminated (sampled) 10 

Coal, massive and hard (sampled). 1 3 
Coal, soft (sampled) 1 5 

3 6 

22989. BitTiminous coal from same 

mine and bed as 22388. Sample dry; cut 

at face of No. 8 west entry, 3,450 feet N. 

5° W., 3,225 feet N. 86* W., 1,750 feet 

north, and 1,950 feet west from mouth. 

May 26, 1915, by F. R. Clark. Section 

of bed at point sampled is as follows: 

Ft. in. 
Coal, bright and hard (sampled).. . 9 

Sulphur i 

Coal, bright and very hard (sam- 
pled) '. 1 6 

Sulphiir i 

Coal, massive and hard (sampled). 1 



K Bituminous coal from same 
mine and bed as No. 22388. Sample wet; 
cut at face of No. 3 main air course, 3,450 
feet N. 5° W., 3,226 feet N. 86* W.. 2,150 
feet west, and 1,050 feet north from 
mouth, May 26, 1915, by F. R. Clark. 
Section of bed at point sampled is as fol- 
lows: 

Ft. In. 

Coal, laminated (sampled) 7 

Coal, massive and hard (sampled). 2 6 



3 4 



22391* Bituminous coal from same 
mine and bed as No. 22388. Sample wet; 
cut at face of No. 3 west entry, 3,450 feet 
N. 5** W., 3,225 feet N. 86** W., 2,150 feet 
west, 425 feet north, and 280 feet west 
from mouth. May 26, 1915, by F. R. 
Clark. Section of bed at point sampled 

is as follows: 

Ft. In. 

Coal, laminated and soft (sampled). 8} 

Coal, massive and hard (sampled). 1 

Sulphur 1 1 

Coal, soft (sampled) 2 2 



4 



22392. Composite of samples 22388 to 
22391, inclusive. 



UTAH. 



OABBOH COTTITTY. 



I. Bituminous coal from Kenil- 
worth (slope) mine of Independent Coal 
& Coke Co., in NW. } sec. 16, T. 13 S., 
R. 10 £., three-quarters of a mile north 
of Kenil worth, at terminus of Kenilworth 
& Helper Railroad. Coal bed, Aber- 
deen; Upper Cretaceous age; Mesaverde 
formation. Roof and floor are coal. 
Sample cut from face of No. 10 right 
entry, 2,260 feet N. 30° W., 1,700 feet 
west, and 790 feet east from mine mouth, 
July 16, 1914, by F. R. Clark. Section at 

point sampled is as follows: 

Ft. in. 

Coal Thickness not known. 

Coal (sampled) 6 10 

Coal Thickness not known. 



19711. Bituminous coal from same 
mine as No. 19680. Coal bed, Aberdeen; 
Upper Crotaceous age; Mesaverde forma- 
tion. Roof and floor are coal. Sample 
dry; cut in room 7 off No. 9 left entry, 
2,200 feet N. 30° W., 1,200 feet north, 
530 feet west, and 100 feet S. 37° W. 
from mine mouth, July 24, 1914, by 
F. R. Clark; represents 16 feet 2 inches 
of coal, only partial thickness of bed. 

19681. Bituminous coal from same mine 
as No. 19680. Coal bed, Kenilworth; 
Upper Crotaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is coal. 
Sample dry; cut from face of main slope, 
1,950 feet N. 33° W., 140 feet N. 19° E., 
510 feet north, 165 feet west, and 165 feet 
north from mine mouth, July 16, 1914, by 
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F. B. Clark. Section at point sampled 

is as follows: 

Feet. 

Coal 2 

Shale, sandy 3 

Coal 2 

Coal (sampled) 8 

Coal Thickness not known. 

19712. Bituminous coal from same mine 
as No. 19680. Coal bed, Kenilworth; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof and floor are coal. Sample 
dry; cut at face of No. 1 left back entry, 
1,930 feet N. 33*> W., 150 feet N. 19*> E., 
455 feet north, 165 feet west, and 300 feet 
S. 70® W. from mine mouth, July 24, 
1914, by F. R. Clark; represents 7 feet of 
coal, partial thickness of bed. Goal left 
as floor about 1 foot; thickness of roof coal 
not determined. 

19682. Bituminous coal from same mine 
as No. 19680. Coal bed, Royal Blue; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is shale. 
Sample dry; cut from face of No. 1 right 
entry up new tunnel, 1,930 feet N. 33® 
k W., 140 feet N. 19® \V., 290 feet north, 
and 100 feet east from mine mouth, July 
16, 1914, by F. R. Clark; represents 5 feet 
7 inches of coal, entire thickness of bed. 

19719. Bituminous coal from same mine 
as No. 19680. Coal bed, Royal Blue; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof and floor are sandstone. 
Sample wet; cut in room 3 off No. 2 west 
entry, 350 feet N. 7® W., 250 feet N. 81® 
W., and 250 feet S. 57® W. from mine 
mouth, July 24, 1914, by F. R. Clark; 
represents entire bed. Section at point 

sampled is as follows: 

Ft. in. 

Coal, soft 8 

Coal , dull , hard 2 

Coal, bright, hard 1 8 

Bone J 

Coal, bright, hard 1 8 

Bone 1 

Coal, very hard 2 3 

6 6} 

19792. Bituminous coal from Aberdeen 
(wagon drift) mine, in SW. { sec. 10, T. 13 
S., R. 10 £., li miles northeast of Kenil- 



worth, at terminus of KenUworth & 
Helper Railroad. Coal bed, Aberdeen; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof is sandstone and floor is coal. 
Sample dry; cut 460 feet west of mine 
mouth July 23, 1914, by F. R. Clark. 
Section at point sampled is as follows: 

Ft. in. 

Coal (sampled) 10 10 

Coal 3 4 



14 2 

19796. Bituminous coal from Milbum 
(wagon drift) mine, in SW. i sec. 11, T. 
13 S., R. 10 £., 2^ miles northeast of Ken- 
ilworth, at terminus of Kenilworth & 
Helper Railroad . Coal bed , Kenilworth ; 
Upper Cretaceous age; Mesaverde forma- 
tion. Sample cut 100 feet N. 55® W. 
and 90 feet north from mine mouth July 
23, 1914, by F. R. Clark. Section at 
point sampled is as follows: 

Ft. in. 

Shale, brown 

Coal (sampled) 6- 4 

Coal 4 :0 



11 11 



19843. Bituminous coal from Castlegate 
No. 2 (drift) mine of Utah Fuel Co., in 
N\V. } sec. 6, T. 13 S., R. 10 E., three- 
fourths of a mile northeast of Castlegate, 
on Denver & Rio Grande Railroad. Coal 
bed, "D"; Upper Cretaceous age; Mesa- 
verde formation. Roof and floor are coal . 
Sample cut in No. 1 left main entry ofl 
No. 1 rise, 3,200 feet south of mine mouth, 
September 23, 1914, by F. R. Clark. 
Section at point sampled is as follows: 

Ft. In. 

Coal Thickness unknown. 

Bone — i 

Coal (sampled) 3 3 

Bone 1 

Coal (sampled) 3 

Bone i 

Coal (sampled) 3 4 

Coal, cut by machine 6 

Coal Thickness unknown. 



7 6+ 

19845. Bituminous coal from same mine 

vjB No. 19843. Coal bed, **B"; Upper 

Cretaceous age; Mesaverde formation. 
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Roof and floor are sandstone. Sample 
ait at face of No. 4 right entry off No. 1 
rise, 1 JOO feet S. 30^ E. of mine mouth, 
September 23, 1914, by F. R. Clark. Sec- 
tion at point sampled is as follows: 

Ft. in. 

Coal ' 6 

Bone .*'. 3 

Coal (sampled) 6 

Bone 3 

Coal (sampled) 7 

Bone 2 

Coal (sampled) 3 5 

Bone 5 

Coal (sampled) 8 

Coal Thickness unknown. 



6 9+ 



19844. Bituminous coal from Castlegate 
No. 1 (slope) mine of Utah Fuel Co., in 
NW. i sec. 1, T. 13 S., R. 9 E., at Castle- 
gate, on Denver & Rio Grande Railroad. 
Coal bed "D"; Upper Cretaceous age; 
Mesaverde formation. Roof and floor are 
sandstone. Sample cut in mine in No. 1 
right entry off No. 1 dip, 5,400 feet S. 66** 
W.and 1,400 feet N. 45^ W. from mine 
mouth, September 22, 1914, by F. R. 
Clark. Section at point sampled is as 

follows: 

Ft. In. 

Coal (sampled) 4 10 

Coal 2 



5 

19848. Bituminous coal from same 

mineasNo. 19844. Coal bed "C"; Upper 

Cretaceous age; Mesaverde formation. 

^f and floor are sandstone. Sample 

cut in room 18 off No. 4 right entry off No. 

1 rise, 5,400 feet S. 66° W. and 1,900 feet 

S. 45® W. from mine mouth, September 

22, 1914, by F. R. Clark. Section at 

point sampled is as follows: 

Ft. in. 

Bone 3 

Coal (sampled) 5 7 

5 10 

11847. Bituminous coal from same 
mine as No. 19844. Coal bed, "A"; Up- 
P^ Cretaceous age; Mesaverde formation. 
^f is coal and floor is sandstone . Sam- 



ple dry; cut at entry stump on No. 12 level 

off No. 10 rise 4,000 feet S. 66** W.; 4,650 

feet S. 4** W., and 200 feet S. 80** E. from 

mine mouth, September 22, 1914, by F. 

R. Clark. Section at point sampled is 

as follows: 

Ft. in. 

Coal 8± 

Coal (sampled) 7 4i 

Bone 3 



8 3J± 



lt880. Bituminous coal from No. 1 
(slope) mine of Cameron Coal Co., in sec. 
35, T. 12 S., R. 9E., 1} miles northwest 
of Castlegate, on Denver & Rio Grande 
Railroad. Coal Bed No. 1; Upper Creta- 
ceous age ; Mesaverde formation . Sample 
cut in second left main entry 800 feet 
south and 50 feet west from slope mouth, 
September 24, 1914, by F. R. Clark. Sec- 
tion at point sampled is as follows: 

Ft. in. 

Coal (mine roof) 8 

Coal (sampled) 5 6J 

Coal (mine floor) 6 



6 8) 

19879. Bituminous coal from No. 2 
(slope) mine of Cameron Coal Co., in 
NE. J sec. 35, T. 12 S., R. 9 E., IJ miles 
northwest of Castlegate, on Denver & 
Rio Grande Railroad. Coal bed No. 2; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof and floor are shale. Sample 
cut at face of main rise entry, 900 feet S. 
85° W. of mine mouth, September 24, 
1914, by P. R. Clark. Section at point 
sampled is as follows: 

Ft. In. 

Coal, not mined 2zfc 

Bone, mine roof 4 

Coal (sampled) 5 

Coal, cut by machine 6} 

Coal, mine floor 9 



8 7izh 

19881. Bituminous coal from Panther 
(slope") mine of Panther Coal Co., in sec. 1, 
T. 13 S., R. 9 E., 1 J miles north of Carbon 
post office, on Denver & Rio Grande Rail- 
road. Coal bed, Castle^te; Upper Cre- 
taceous age; Mesaverde formation. Roof 
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and floor are shale. Sample cut at face of 
No. 2 eaflt entry off main slope, 1,000 feet 
N. 45° E. and 500 feet east from mouth, 
September 25, 1914, by F. R. Clark. Sec- 
tion at point sampled is as follows: 

Ft. in. 

Coal 4 

Bone 5 

Coal (sampled) 6 21 

6 Hi 

19837. Bitiunlnous coal from drift pros- 
pect in Hardscrabble Canyon, in SW. i 
NE. } sec. 10, T. 13 S., R. 9 E., 3 miles 
northwest of Helper, on Denver & Rio 
Grande Railroad. Coal bed, Spring Can- 
yon No. 1; Upper Cretaceous age; Mesa- 
verde formation . Roof is sandy shale and 
floor is sandstone. Sample dry and possi- 
bly slightly weathered ; cut at face of main 
entry, 350 feet 8. 35** W. of opening, Sep- 
tember 19, 1914, by F. R. Clark; repre- 
sents 4 feet i inch of coal, entire thickness 
of bed. 

19638. Bituminous coal from drift pros- 
pect near same prospect and from same 
bed as No. 19837. Sample dry and per- 
haps slightly weathered; cut at face of 
main entry, 400 feet S. 70** W. of mine 
mouth, September 19, 1914, by F. R. 
Clark; represents 4 feet of coal, entire 
thickness of bed. 

19986. Bituminous coal from No. 1 
(slope) mine of Spring Canyon Coal Co. , in 
sec. 9, T. 13 S., R. 9 E., at Storrs, on 
Spring Canyon Railroad. Coal bed, 
Spring Canyon No. 1: Upper Cretaceous 
age; Mesaverde formation. Roof is shale 
and floor is sandstone. Sample wet; cut 
at face of No. 4 right entry off main 
entry, 1,720 feet N. 32° W. of mine mouth, 
October 16, 1914, by F. R. Clark. Sec- 
tion at point sampled is as follows: 

Ft. in. 

Coal (sampled) 6 4 

Bone 2 

Coal (sampled) 2 2 

Coal 4 



9 



19987. Bituminous coal from No. 2 
(drift) mine of Spring Canyon Coal Co., in 



sec. 9, T. 13 S., R. 9 E., at StoiTS, on 
Spring Canyon Railroad. Coal bed, 
Spring Canyon No. 2; Upper Cretaceous 
age; Mesaverde formation. Roof and 
floor are shale. Sample cut at face of 
main entry, 810 feet east of mine mouth, 
October 17, 1914, by F. R. Clark; repre- 
sents 4 feet 2} inches of coal, entire thick- 
ness of bed. 

19999. Bituminous coal from No. 3 
(drift) mine of Spring Canyon Coal Co., in 
sec. 9, T. 13 S., R. 9 E., at Storrs, on 
Spring Canyon Railroad. Coal bed. 
Spring Canyon No. 3; Upper Cretaceous 
age; Mesaverde formation. Roof and 
floor are sandstone. Sample dry; cut at 
face of main entry October 17, 1914, by 
F. R. Clark. Section at point sampled is 

as follows: 

Ft. in. 

Coal (sampled) 3 10 

Bone ^ 

Coal (sampled) 3 10 

Coal 8 



8 4i 

19988. Bituminous coal from Standard 
(drift) mine of Standard Coal Co., in sec. 
8, T. 13 S., R. 9 E., at Standardville, ter- 
minus of Spring Canyon Railroad. Coal 
bed, Castlegate; Upper Cretaceous age; 
Mesaverde formation. Roof and floor are 
sandstone. Sample dry; taken in cross- 
cut 200 feet S. 50** E. of face of fan way or 
1,450 feet N. 50** W. of mine mouth Octo- 
ber 17, 1914, by F. R. Clark. Section at 
point sampled is as follows: 

Ft. in. 

Coal (on roof) 1 

Coal (sampled) 8 2 

Coal, cannel (sampled) 1 

Bone IJ 

Coal (lower bench) 5 8 

15 i 

19989. Bituminous coal from same 
mine as No. 19988. Coal bed , Castlegate ; 
Upper Cretaceous age; Mesaverde forma- 
tion. Roof and floor are sandstone. 
Sample dry; cut 150 feet from face of fan 
way or 1,550 feet N. 50® W. of mine mouth 
October 17, 1914, by F. R. Clark. Sec- 
lion at point sampled is as follows: 
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Ft. 

8± 



in. 



Coal 

Co&I, cannel 1 

Bone 8 

Cod (sampled) 1 8 

Bone 1 

Coal (sampled) 3 4 

Coal 10 



14 8± 



MOROAir 00T7VTT. 



IfTM. Subbltuminous coal from Rob- 
inson (diift) mine of Heber Robinson, in 
sec. 28, T. 5 N., R. 5 E., in Toone Can- 
von, 12 miles northeast of Devils Slide 
station, on Union Pacific Railroad. Coal 
bed, no name; Tertiary age (?); forma- 
tion not determined. Roof is shale and 
floor is coal. Sample probably slightly 
weathered; cut 300 feet northeast of open- 
ing September 6, 1914, by F. R. Clark. 
Section at point sampled is as follows: 

Ft. in. 



Coal (sampled) 

Bone 

Coal, dull, earthy (sampled) 

Coal, bright (sampled) 

Coal, dull (sampled) 

Coal (sampled) 

Coal 



1 
1 



8 
2 
5 
2 
2 
7 




198M. Subbltuminous coal from aban- 
doned slope mine of W. Lucas and H. C. 
Smith, in sec. 17, T. 5 N., R. 5 E., 12i 
niiles northeast of Devils Slide station, on 
Union Pacific Railroad. Coal bed, no 



name; Tertiary age (?); formation not de- 
termined. Roof is shale and sandstone 
and floor is fdiale. Sample slightly 
weathered; cut from rib 200 feet west of 
opening September 5, 1914, by F. R. 
Clark. Section at point sampled is as 
follows: 

Ft. in. 

Coal (sampled) 1 5 

Bone 9 



BTnmiT OOUITTT. 

Bituminous coal from prospect 
in NE. i sec. 8, T. 2 N., R. 18 E., 50 miles 
southeast of Carter, Wyo., on Union Pa- 
cific Railroad. Coal bed, no name; Car- 
bon) ferous (Pennsylvanian) age. Sample 
consisted of a lump taken from prospect 
September 19, 1914, by A. R. Schultz. 
The coal bed in this prospect is 3 feet 
thick. Coal weathered. 

20M»* Bitiuninous coal from prospect 
in NE. i sec. 4, T. 2 N., R. 16 £., 60 miles 
southeast of Carter, Wyo., on Union Pa- 
cific Railroad. Coal bed, no name; Car- 
boniferous (Pennsylvanian) age. Roof is 
shale; floor not seen. Sample consisted 
of a lump taken from a prospect in Sep- 
tember, 1914, by A. R. Schultz. Coal 
weathered. Section of coal bed in this 
prospect is as follows: 

Feet. 

Shale, carbonaceous 2 

Coal 3 



VIRGINIA. 



The sampling of coals in Virginia was 
(ione in connection with a cooperative 
examination of the southwestern coal 
fields by the Virginia Geological Survey 
and the United States Geological Survey. 

BVOHAVAir COTTNTT. 

1083S. Bituminous coal from Blackey 
(drift) mine of W. M. Ritter Lumber Co., 
1 mile southeast of Blackey station, on 
^ig Sandy & Cumberland Railroad. Coal 
^, no name; Carboniferous (Pennsyl- 
^'Wiian) age; Pottsville group. Sample 
slightly wet; cut 450 feet east of mine 



mouth September 19, 1914, by T. K. 
Hamsberger. Section at point sampled 
is as follows: 

Ft. in. 

Coal (sampled) 2 J 

Sandstone 2} 

Coal (sampled) 2 9 



5 i 

19834. Bituminous coal from same 
mine as No. 19833. Coal bed, no name; 
Carboniferous ( Pennsylvanian) age; 
Pottsville group. Sample dry; cut 525 
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feet S. 80° E. of mine mouth. Section 

at point sampled is as follows: 

Ft. in. 

Coal (sampled) 2 IJ 

Sandstone 2} 

Coal (sampled) 2 8} 

5 

19735* Bituminous coal from mine of 
Oliver Elswick, at Big Rock, Va., 15 
miles east of Elkhom City station on 
Chesapeake & Ohio Railway and Caro- 
lina, Clinchfield <& Ohio Railway. Coal 
bed, no name; Carboniferous (Pennsyl- 
vanian) age; Pottsville group. Roof and 
floor are shale. Sample cut 60 feet N. 
70^ E. of mine mouth August 11, 1914, by 
T. E. Hamsbeiger; represents 3 feet 8} 
inches of coal, entire thickness of bed. 

19924* Semibituminous coal from 
Whitewood (drift) mine of C. L. Ritter 
Lumber Co., at Whitewood, Va., on a 
railroad owned by the company, 14 miles 
northwest of Norfolk & Western Railway. 
Coal bed, no naitie; Carboniferous (Penn- 
sylvanian) age; Pottsville group. Roof 
and floor are shale. Sample cut 600 feet 
southwest of main entrance October 9, 
1914, by Clayton Davidson. Section at 
point sampled is as follows: 

Ft. in. 

Coal, slightly bony (sampled) 3 4 

Shale 4 

Coal (sampled) 8 



XOHTOOMS&T COUVTY. 

19357. Semibituminous coal from mine 
of Plunkett & Wall, 4 miles northwest of 
Blacksburg, terminus of a branch of Nor- 
folk & Western Railway. Coal bed, 
Laige; Carboniferous (Misedssippian) age; 
Price sandstone. Roof and floor are 
shale and sandstone. Sample cut down 
slope 300 feet and northwest 100 feet 
alongside entry Aprjl 28, 1914, by Ralph 
W. Howell. Section at point sampled is 
as follows: 



Coal, shaly. 

Shale 

Coal 



Ft. In. 

. 1 
6 
3 



Pt. in. 

Shale and coal 7 

Coal 10 

Shale 6 

Coal (sampled) 2 2 

Shale and coal 8 

Coal (sampled) 1 5 

Shale and coal 4 

Coal (sampled) 3 



8 6 



19358, Semibituminous coal from mine 
of M. C. Slusser, 3} miles north of Blacks- 
burg, terminus of a branch of Norfolk & 
Western Railway. Coal bed. Large; Car- 
boniferous (Mississippian) age; Price 
sandstone. Roof and floor are sandstone. 
Sample cut in mine 900 feet west on main 
entry and 25 feet north on side entry 
April 30, 1914, by Ralph W. Howell. 
Section at point sampled is as follows: 



Coal 

Shale and coal. 

Shale 

Coal 

Shale 

Coal, crushed.. 
Shale 



Ft. in. 

1 2 

6 

8 

5 

9 

6 

8 

Coal (sampled) 2 3 

Shale 3 

Coal (sampled) 2 3 

Shale 3 

Coal, crushed (sampled) 10 

Shale, bone, and coal 9 

Coal, soft, shattered (sampled) 1 6 

12 2 

IK2929. Semibituminous coal fromsiuuc 
mine and bed as No. 19358 . Roof is shale 
and floor is sandstone. Sample cut 1,050 
feet along main entry and 25 feet north- 
east along airway May 14, 1915, by J. T. 
Watson and R. J. Holden. Section of 
bed at point sampled is as follows: 

Ft. in. 

**Drawslate" 1 6 

Coal (sample 22629) 2 4 

Coal, shaly 2} 

Coal, duU and brittle 5 

Coal, bright 8J 

Coal, dull and brittle H 
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Ft. in. 

Shale 3 

Coal, soft (sample 22630) 2 4 

Shale 3 

Ooal, softand crumbly 11 

Shale, containing some coal 9 

Coal, bright and soft (sample 

22631) 2 2 



12 6i 



). Semlbituminous coal from the 
same mine and location as No. 22629. 
Sample represents middle bench of coal. 

23CS1. Semibituminous coal from same 
mine and location as No. 22629. Sample 
represents lowest bench of coal. 

19859. Semibituminous coal from Clem- 
ents Hollow mine (abandoned) of Blacks- 
burg Mining & Manufacturing Co., 3^ 
miles northwest of Blacksburg, terminus 
of a branch of Norfolk & Western Rail- 
way. Coal bed, SmaU; Carboniferous 
(MiaaisBippian) age; Price sandstone. 
Roof and floor are shale and sandstone. 
Sample weathered; cut in main entry 100 
feet from mouth May 1, 1914, by Ralph 
W. Howell. Section at point sampled is 
as follows: 

Ft. in. 

Coal (sampled) 10 

Coal, soft, shaly (sampled) 11 

Shale 2 

Coal, dirty (sampled) 1 

Shale, coaly 4 



I. Semibituminous coal from Com- 
pany (slope) mine of Seymour Price & 
' Co., 5 miles northwest of Blacksburg, 
terminus of a branch of Norfolk <& Western 
Railway. Coal bed, Large; Carbonif- 
erous (Mississippian) age; Price sand- 
stone. Roof is shale and sandstone and 
floor is shale. Sample cut in mine 350 
feet down slope and 150 feet northeast 
along bottom level April 29, 1914, by 
Ralph W. Howell. Section at point 

sampled is as follows: 

Ft. in. 

Coal, soft, shelly 1 

Shale 6 

Coal,aoft 3 

Shale 6 



Coal 

Coal, soft, dirty. 

Coal 

Shale 

Coal 

Shale 



Ft. in. 

6 

6 

4 

1 

3 

8 

Coal (sampled) 2 4 

Shale 1 

Coal (sampled) 3 

Shale 3 

Coal 6 

Shale 1 

Coal (sampled) 8 

Shale 1 

Coal, sheared (sampled) 8 



194II3. Semianthracite coal from slope 
mine of Lyken Hill Coal Co., on a branch 
of Norfolk & Western Railway, 3} miles 
northwest of Christianburg. Coal bed, 
Large; Carboniferous (Mississippian) age; 
Price sandstone. Roof and floor are shale 
and sandstone. Sample cut 350 feet 
along the main slope and east 200 feet on 
east entry May 7, 1914, by Ralph W. 
Howell. Section at point sampled is as 
follows: 

Ft. in. 

Coal, slightly shaly (sampled) 7 

Coal (sampled) 6 

Shale 6 

Coal (sampled) 1 3 

Coal, soft, dirty (sampled) 1 J 

Coal (sampled) 6 

Shale and coal 1 8 

Coal 1 2 

Shaie 7 

Coal 9 



7i 



PULASKI COUITTT. 



1M31. Semibitimiinous coal from Par- 
rott (shaft) mine of Pulaski Anthracite 
Coal Co., at Parrott, on Bluefleld division 
of Norfolk & Western Railway . Coal bed , 
Large; Carboniferous (Mississippian) age; 
Price sandstone . Roof and floor are shale . 
Sample cut in mine 100 feet west of shaft 
landing April 25, 1914, by Ralph W. 
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Howell. Section at point sampled is as 
follows: 



Coal, soft (sampled) 

Shale 

Coal (sampled) 

Shale 

Coal (sampled)^ 

Shale 

Coal, soft, dirty (sampled) 

Shale 

Goal (sampled) 

Shale 

Coal (sampled) 

Shale 

Coal (sampled) 

Coal and shale 

Coal (sampled) 



Ft. In. 
2 
2 
9 
3 
3 
1 
7 
1 
2 
1 
4 
6 

1 4 
5 

1 10 



7 

20TK8* Semibituminous coal from Cloyd 
(drift) mine, 5} miles northwest of Dub- 
lin station, on Norfolk & Western Rail- 
way . Coal bed , * ' Upper " ; Carboniferous 
(Mississippian) age; Price sandstone. 
Roof and floor are shale passing into sand- 
stone. Sample cut in 125 feet west of 
mine mouth May 14, 1914, by Ralph W. 
Howell. Section at point sampled is as 
follows: 

Ft. in. 
6 
9 
10 
9 
7 
4 
10 
... 1 6+ 



Coal, broken (sampled) — 

Shale and dirty coal 

Coal, sheared (sampled) . . 

Shale and coal 

Coal (sampled) 

Shale and bone 

Coal, soft, dirty (sampled) 
Coal (sampled) 



6 1-f 



STTBSSLL GOUVTT. 



19484* Bituminous coal from Drill 
mine of Honaker Lumber Co., at Drill, 
on Honaker Lumber Co. Railroad. Coal 
bed, Kennedy; Carboniferous (Pennsyl- 
vanian) age; PottsviUe group. Roof is 
shale and floor is sandstone. Sample dry ; 
cut 450 feet northeast of mine mouth, 
June 5, 1914, by C. M. Bauer; represents 
4 feet of coal, entire thickness of bed. 



19528. Bituminous coal from Sandy 
Ridge mine of Sandy Ridge Coal Co., 1 
mile south of Drill, on Honaker Lumber 
Co. Railroad. Coal bed, Kennedy; Car- 
boniferous (Pennsylvanian) age; Potts- 
ville group. Sample cut 150 feet north 
of mouth of southernmost drift, in room 
20 feet to right of entry, June 15, 1914, by 
C. M. Bauer; represents 2 feet 10 inchfis 
of coal, entire thickness of bed. 

22S45* Bituminous coal from Sandy 
Ridge mine of Sandy Ridge Coal & Coke 
Co. , half a mile south of Drill, on Honaker 
Lumber Co. Railroad. Coal bed, Ken- 
nedy; Carboniferous (Pennsylvanian) 
age; PottsviUe group. Sample cut 170 
feet S. 70® W. of mouth of northernmost 
drift May 25, 1915, by T. K. Hamsber- 
ger; represents 2 feet 9 inches of coal, 
entire thickness of coal bed. 

2S346. Bituminous . coal from Jackson 
mine, operated by W. N. Jackson & Bro., 
3 miles northwest of Honaker station, on 
Norfolk & Western Railway. Coal bed, 
not named; Carboniferous (Penns>'lva- 
nian) age; PottsviUe group. Sample cut 
600 feet northwest of opening May 2n, 
1915, by T. K. Hamsberger. Section at 
point sampled is as follows: 

Ft. in. 

Coal (sampled) 1 

Rash (sampled) i 

Coal (sampled) 1 9J 

Clay } 

Coal (sampled) 7 



3 51 



WISE COXTRTT. 



22277. Bituminous coal from Faniec 
(No. 1) mine of Blackwood Coal & Coke 
Co., 1 mile northwest of Pardee sta- 
tion, on Roaring Fork Railroad. Coal 
bed, Pardee (Limestone or PaFBons"); 
Carboniferous (Pennsylvanian) ago; 
PottsviUe group. Sample dry; cut in 
No. 2 right entry off nudn three-face entr>% 
2,500 feet N. 15** W. of mine mouth, May 
22, 1915, by T. K. Hamsberger. Section 
at point sampled is as follows: 



Coal (roof). 
Coal (sampled). 



Ft. to. 
. 7 10 
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3Snf8« BltuminouB coal from same 
mine and bed as No. 22277. Sample dry ; 
cut at face of main three-face entry, 2,000 
feet north of mine mouth, May 22, 1915, 
by T. K. Hamsbeiger. Section at point 
sampled is aa follows: 

Coal (roof). Ft. in. 

Coal (sampled) 7 8 

S8279. Bituminous coal from same 
mine and bed as No. 22277. Sample dry ; 
cut in No. 6 left entry off main entry, 
2,500 feet northwest of mine mouth, May 
22, 1915, by T. K. Hamsberger. Section 
at point sampled is as follows: 

Coal (roof). Ft. to. 

Coal (sampled) 7 3 



tZtSOm Composite of samples 22277 to 
22279, inclusive. 

WTTHS ooxnrTT. 

MI781. Semibituminous coal from pros- 
pect pit of Ellison & John^n, 3 miles 
north of Max Meadows station, on Norfolk 
& Western Railway. Coal bed, *' Large " 
or ''Upper"; Carboniferous (Miasissip- 
pian)age; Price sandstone. Roof is sand- 
stone and floor is shale. Sample weath- 
ered; cut 10 feet in from mouth May 15, 
1914, by Ralph W. Howell; represents 6 
feet 8 inches of coal, badly crushed and 
weathered, entire thickness of bed. 



WASHINGTON. 



WHATCOM OOTJVTY. 



VnzZm Anthracite coal from Discovery 

tunnel of Washington Anthracite Coal 

Co., in SE. i sec. 29, T. 39 N., R. 7 E., 4 

miles south of Glacier, terminus of Bel- 

lingham & Northern Railroad, a branch of 

Chicago, Milwaukee & St. Paul Railway. 

Coal bed. Tertiary (Eocene) age; Puget 

group; dips 68** NW. Sample slightly 

damp; cut at end of 750-foot entry July 

31, 1914, by M. R. Campbell. Coal bed 

varies considerably in thickness, owing 

to the intense pressure developed when 

the rocks were folded. Section at point 

sampled is as follows: 

Ft. to. 

Coal (sampled) 2 6 

Coal, soft, laminated 4 

Shale, carbonaceous 1 6 

Coal (sampled) 5 10 

10 1 

19723. Anthracite coal from same mine 
as No. 19722. Coal bed, Tertiary (Eocene) 
age; Puget group. Sample cut 300 feet 
from mouth of drift July 31, 1914, by 
M. R. Campbell. Coal slightly weath- 
ered and covered with some dirt. Sec- 
tion at point sampled is as follows: 

Ft. In. 

Coal, impure, laminated 1 6 

Coal, hard (sampled) 14 5 

Coal, impure, laminated 2 1 

18 



19724. Anthracite coal from Smith 
tunnel of Washington Anthracite Coal 
Co., in SE. } sec. 30, T, 39 N., R. 7 E., 4 
miles south of Glacier, terminus of Bel- 
lingham & Northern Railroad, a branch of 
Chicago, Milwaukee & St. Paul Railway. 
Coal bed, Tertiary (Eocene) age; Puget 
group; dips about 30^ NE. Sample 
weathered; cut in first right entry 200 
feet from mouth of tunnel August 1, 1914, 
by M. R. Campbell. Section at point 
sampled is as follows: 

Ft. to. 

Coal (sampled) 5 6 

Coal, soft, laminated 2 6 

8 
1971S5. Semianthracite (?) coal from 
prospect in SE. i sec. 24, T. 39 N., R. 
6 E., 3 miles southwest of Glacier, termi- 
nus of Bellingham & Northern Railroad, 
a branch of Chicago, Milwaukee & St. 
Paul Railway. Coal bed. Tertiary (Eo- 
cene) age; Puget group; dips about 51° 
NE. Sample weathered; cut from east 
end of drift, 20 feet from mouth, August 
2, 1914, by M. R. Campbell. Section at 

point sampled is as follows: 

Ft. to. 

Coal (sampled) 5 9 

Bone 11 

Coal, soft, laminated 2 74- 



9 3+ 

197:M. Semianthracite (?) coal from 
open-cut prospect in SW. { sec. 24, T. 39 
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WASHZVOTOV—Oiaaiiaed. 



K., B. 6 E., a silM wotfaweBt of Glackr. 
tenmnoi of Beflingfaain A Xortbem Bail- 
prjttd. a branch of Chica4^#. Milwaukee A 
Ht Paul Bailvay, Coal t^. Tertiafy 
(Eocene, age; dif« SO^HMOf^ N-; poorty ex- 



tiStM* BitmninoiH eoal from Rir-h Ron 
Mrift; miDe of Elk River Coal A Lmnber 
Co.. at Widen, temnmis of Buffalo Creek 
A Ganley Railnxul. Coal bed. No. 5 
Block; CarbonifenyiM (PemisjriTanian; 
age; Allegheny formation. Roof is ebale 
and floor is clay. Sample cut at face of 
No, 1 east entry off Xo. ^ entry, about 
2,000 feet S. 60^ E. of mine mouth and 
aliont 800 feet from nearest outcrop. 
April 9, 1915, by E. Ru«ell Lloyd. Sec- 
tion at point ounpled is as follows: 

Ft. faL 

Coal with bright luster Csampled ) . 11 

Shale and bone 6 

Coal (sampled; 4 4 

5 9 

tiStl* Bituminous coal from same mine 

and bed as Xo. 21816. Roof is sandstone 

and floor is clay. Sample cut from room 

15 off Xo. 2 ri^t entry off Xo. 5 J entry, 

1 ,200 feet southwest of mine mouth and 

about 150 feet from nearest outcrop, April 

9, 1915, by E. Rusnell Lloyd. Section at 

point sampled is as follows: 

Ft. In. 

(>)al (sampled; 6i 

Mineral charcoal ( Hampled ; J 

Coal (sampled; 5J 

Shale 5 

Coal (sampled; 3 7J 

Slialo li 

Coal (iiampled; 9 

5 11) 

?1818* Composite of samples 21816 and 
21H17. 

Ztsm* Bituminous coal from same mine 
and bed as No. 21816. Roof is shale and 
flo4^)r is clay. Sample cut at same place as 
No. 21816, April 9, 1915, by E. Russell 
Lloyd. Section of bed at point sampled 
is as follows: 



prj0ed. Sample badly weathered, cmriied, 
and sqneeaed; taken from open cat Au- 
gust 2. 1914, by M. R. OoqibeU; repre- 
sents about 3 ieet of ooaL 



Ft. in. 

Coal with bright luster 'sampled). . 11 

Shale and bone 6 

Coal 4 4 



nSlfu Bituminous coal from local 
mine operated by Edward McClung at 
Kirkwood, 16 miles southwest of Cam- 
' den, on Baltimofe Sl Ohio Railroad. 
Coal bed. No. 2 or Gas (?;; Carboniferous 
(PennsylTanian) age; Kanawha forma- 
tion. Roof is shale and floor is clay. 
Sample fresh; cut at face of entry 60 feet 
S. 7® E. of mouth, April 8, 1915, by E. 
Russell Lloyd. Section of bed at point 
sampled is as follows: 

Ft. in. 

Coal (sampled) 1 5J 

Bone 1 

• Coal (sampled) 1 10 

tiSZ$m Bituminous coal from local mine 
operated by George Donaldson at Mud- 
dlety, about 20 miles southwest of Cam- 
don, on Baltimore A Ohio Railroad. 
Coal bed, No. 1 or Eagle (?); Carbonif^ous 
(Fennsylvanian) age; Kanawha forma- 
tion. Roof is shale and floor is clay. 
Sample cut at face of entry about 200 feet 
S. 50** E. of mine mouth, April 7, 1915, 
by E. Russell Lloyd. Section of bed at 

point sampled is as follows: 

Ft. in. 

Coal (sampled) 1 1 

Bone i 

Coal 11 

Shale 5 

Coal (sampled) 6 

Bone 1 

Coal (sampled ) 1 4 

Shale H 

Coal (sampled; ■*§ 

TT 
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COAIi ANALYSES. 

[Hade by the Bnnaa o( ICiiMs; A. C. Fieldner, chemist In eharge. For dflscriptlon of samplflB, 

pp. 256-928.) 

OOLOBADO. 
SLBBXT COUVTT. 





Air- 
drying 

lOBS. 


Form 

of 
anal- 
y8is.a 


ft 

Proximate. 


Ulthnate. 


Heating value. 


Lsbora- 
toryNo. 


Mois- 
ture. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Bul- 
phur. 


dio- 
gen. 


Car- 
bon. 

36.78 
48.10 
54.98 
71.79 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

thei^ 
mal 

onlts. 


19902 


23.5 


A 

B 
C 
D 


33.1 
12.5 


^25.6 
33.5 
38.3 
50.0 


25.6 
33.5 
38.3 
60.0 


15.06 
20.48 
23.41 


0.44 
.57 
.66 
.86 


6.20 
4.69 
3.77 
4.92 


0.70 

.91 

1.05 

1.37 


40.22 
25.26 
16.13 
21.06 


3,415 
4,465 
5,105 
6,665 


6,150 

8,040 

9,190 

12,000 







LA PLATA COUVTT. 



aoaos U.5 

I 



A 


15.7 


31.7 


44.5 


8.06 


0.58 


5.65 


50.50 


1.19 


24.93 


5,705 


B 


4.8 


35.8 


50.3 


9.10 


.65 


4.95 


67.30 


1.34 


16.66 


6,445 


C 




37.6 


52.8 


9.57 


.09 


4.63 


70.72 


L42 


12.97 


6,770 


D 




41.6 


58.4 




.76 


5.12 


78.20 


1.57 


14.35 


7,490 



10,270 
11,600 
12,190 
13,480 



KGHTKZlTlfA COUVTT. 



20267' 8.7 



20498 



20500 



2D499 



6.2 



4.6 



3.2 



A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 



12.1 
3.7 



8.5 
2.4 



7.0 
2.5 



5.5 
2.3 



37.7 


44.1 


6.07 


0.50 


5.96 


64.41 


1.41 


21.56 


6,330 


41.3 


48.3 


6.65 


.65 


5.47 


70.53 


1.54 


15.16 


6,030 


42.9 


50.2 


6.91 


.67 


5.26 


73.28 


1.60 


12.28 


7,200 


46.1 


53.9 




.72 


5.65 


78.72 


1.72 


13.19 


7,736 


39.2 


47.0 


5.33 


.90 


5.97 


60.99 


L31 


16.41 


6,975 


41.8 


50.1 


5.68 


1.06 


5.62 


74.60 


1.40 


11.64 


7,435 


42.9 


51.3 


5.82 


1.08 


5.49 


76.46 


1.43 


9.72 


7,620 


45.5 


54.5 




1.15 


5.83 


81.19 


1.52 


10.31 


8,090 


38.3 


60.2 


4.47 


.61 


5.70 


72.57 


1.33 


15.32 


7,185 


40.2 


52.6 


4.68 


.64 


5.44 


7«.05 


1.39 


11.80 


7,530 


41.2 


54.0 


4.80 


.66 


5.29 


78.01 


1.43 


9.81 


7,725 


43.3 


56.7 




.60 


5.56 


81.94 


1.50 


10.31 


8,115 


38.3 


47.3 


8.85 


.77 


5.59 


69.93 


1.33 


13.54 


6,970 


39.6 


48.9 


9.15 


.80 


5.41 


72.26 


1.37 


11.01 


7,205 


40.6 


50.0 


9.37 


.81 


5.27 


74.00 


1.41 


9.14 


7,375 


44.8 


55.2 




.89 


5.81 


81.65 


1.56 


10.09 


8,140 



11,390 
12,480 
12,960 
13,930 

12,560 
13,390 
13,720 
14,570 

12,940 
13,550 
13,910 
14,610 

12,550 
12,970 
13,280 
14,650 



MONTANA. 



OKoxrrzAtr covittt. 



19790 



19795 



7.2 



4.1 



A 

B 
C 
D 

■ 

A 

B 
C 
D 



18.1 
11.8 



17.5 
13.9 



6 29.3 
31.5 
35.8 
41.5 

»30.1 
31.5 
36.6 
42.3 



41.3 
44.5 
50.4 
58.5 

41.2 
43.0 
49.9 
57.7 



11.33 
12.20 
13.84 



11.17 
11.65 
13.54 



0.81 
.87 
.99 

1.15 

.61 
.64 
.74 
.86 



5.61 
5.18 
4.39 
5.10 

5.62 
5.38 
4.46 
5.16 



53.21 
57.32 
65.01 
75.45 

54.42 
66.75 
65.95 
76.28 



1.20 
1.29 
1.47 
1.71 

1.11 
1.16 
1.35 
1.56 



27.84 
23.14 
14.30 
16.59 

27.07 
24.42 
13.96 
16.14 



5,065 
5,455 
6.1S5 
7,1«0 

5,175 
5,395 
6,270 
7,255 



9,120 

9,820 

11,140 

12,030 

9,320 

9,720 

11.290 

13,060 



° See p. 253. 

^ Volatile matter determined by the modified official method. (See Bureau of Mines Bull. 22, p. 29, 1913.) 
c Coal slightly weathered. 
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DAWSON GOXnfTT. 





Air- 
drying 
loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating value. 


Labora- 
tory No. 


Mois- 
ture. 


Vola. 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


dio- 
gen. 


Car- 
bon. 


Nltio- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


19923 


19.2 


A 

B 
C 
D 


28.3 
11.2 


26.5 
32.8 
36.9 
44.0 


33.6 
41.7 
46.9 
56.0 


11.6 
14.3 
16.2 


0.45 
.56 
.63 
.75 










4,090 
5,060 
5,705 
6,805 


7.360 












9,110 












10,270 












12,250 

















FAXXOV OOtrVTT. 



20370 


34.3 
33.5 


A 

B 
C 
D 

A 

B 
C 
D 


41.3 
10.6 

39.0 
8.4 


a24.6 
37.5 
42.0 
47.8 

22.6 
34.0 
37.1 
48.7 


26.9 
40.9 
45.8 
52.2 

23.9 
35.9 
39.2 
51.3 


7.2 
11.0 
12.2 

14.5 
21.7 
23.7 


0.62 

.95 

1.06 

1.21 

1.60 
2.41 
2.62 
3.44 










3,440 
5,240 
6,860 
6,680 

3,110 
4,680 
5,105 
6,600 


6,190 












9.410 












I0,5j0 












12,020 


20372 










5,W 












8,420 












9.190 












12,030 















FEBOXTB OOUNTT. 



2U000 


14.4 


A 


22.8 


a27.7 


37.7 


11.77 


0.S2 


5.96 


49.34 


1.08 


31.03 


4,710 


8,4S) 






B 


9.8 


32.3 


44.1 


13.75 


.96 


6.09 


57.64 


1.26 


21.30 


5,500 


9,900 






C 




35.8 


48.9 


15.25 


1.06 


4.44 


63.92 


1.40 


13.93 


6,100 


10.9H0 






D 




42.3 


57.7 




1.25 


5.24 


75.41 


1.^ 


16.45 


7,200 


12,960 



MXrSSELSHSLL COUVTY. 



19784 
19785 


4.5 
4.2 


A 
B 
C 
D 

A 
B 
C 
D 


10.4 
6.2 

10.4 
6.6 


a 31.1 
32.6 
34.7 
41.7 

029.6 
30.9 
33.1 
40.3 


43.5 
45.5 
48.5 
58.3 

43.9 
45.8 
49.0 
60.7 


15.05 
15.75 
16.79 

16.1 
16.7 
17.9 


1.77 
1.85 
1.97 
2.37 

1.73 
1.81 
1.93 
2.35 


5.20 
5.01 
4.62 
5.55 


57.38 
60.07 
64.02 
76.04 


1.41 
1.48 
1.57 
1.80 


19.10 
15. 8i 
11.03 
13.25 


5.680 
5,945 
6,335 
7,615 

5,610 
5,K>5 
6,265 
7,630 


10,220 
lO.'AJO 
11,400 
13,700 

10,100 












10,540 












11,3S0 












13,740 















NEW MEXICO. 
MomrUBY OOUVTY. 



19131 



19132 



19133 



19134 



19135 



4.8 



5.7 



6.1 



5.3 



5.7 



A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



12.5 

8.2 



14.1 
8.9 



14.0 

8.4 



12.4 
7.5 



13.2 
7.9 



38.9 
40.8 
44.4 
49.7 

39.7 
42.1 
46.2 
48.5 

39.5 
42.0 
45.9 
49.0 

39.1 
41.3 
44.6 
49.7 

39.1 
41.5 
45.1 
49.2 



39.4 
41.4 
45.1 
50.3 



9.17 

9.63 

10.49 



42.2 


4.00 


44.8 


4.24 


49.1 


4.65 


51.5 




41.1 


5.4 


43.8 


5.8 


47.8 


6.3 


51.0 




39.5 


9.0 


41.7 


9.5 


45.1 


10.3 


50.3 




40.5 


7.21 


42.9 


7.65 


46.6 


8.31 


50.8 





0.43 
.45 
.49 
.55 

.58 
.62 
.67 
.70 

.49 
.52 
.57 
.61 

.44 
.47 
.50 
.56 

.45 

.48 
.62 
.57 



5.89 
5.63 
5.15 
5.75 

6.13 
5.83 
5.32 
5.58 



6.04 
5.74 
5.26 
6.74 



60.85 
63.93 
60.58 
77.73 

64.15 
68.04 
74.64 
78.28 



62.73 
66.51 
72.26 

78.81 



1.09 
1.15 
1.25 
1.40 

1.16 
1.23 
1.35 
1.42 



1.13 
1.20 
1.30 
1.42 



22.57 
19. 21 
13.04 
14.57 

23.98 
20.04 
13.37 
14.02 



22.44 
18.42 
12.35 
13.46 



6,000 
6,305 
6,865 
7,665 

6,285 
6,665 
7,315 
7,670 

6,260 
6,660 
7,275 
7,765 

6,100 
6,440 
6,965 
7,765 

6,165 
6,535 
7,100 
7,745 



10, JW) 
11,350 

i2,;«o 

13,iJO0 

11,W1 
12,0tO 
13,170 
13,810 

li.wn 
ll,9ao 
n,m 

13,980 

10,9«0 
ll,fi00 
12,640 
13,960 

11,100 

ii,rn) 

12. 7* 
13,940 



o Volatile matter determined by the modified official method. 
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NBW HBZICO-^Continued. 
XeXXHLXT 0017VTT— Contlntwd. 



Labon- 

toryNo. 



19130 



19137 



19138 



19138 



19140 



19162 



19163 



19213 



19217 



19218 



19219 



19220 



19221 



19222 



19223 



Air- 
drying 
loss. 



4.0 



6.5 



6.4 



5.5 



6.7 



4.0 



3.4 



7.6 



0.3 



0.0 



8.2 



8..H 



10.6 



10.0 



5.0 



Fonn 

of 
anal' 
ysls. 



A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



Proximate. 



tfois- 
ture. 



Ultimate. 



Vola- 
tile 

mat> 
ter. 



11.8 
7.6 


38.1 
30.0 
43.2 
40.0 


14.1 
0.1 


30.2 
41.5 
45.0 
4&3 


15.8 
10.1 


3&0 
40.6 
45.1 
46.0 


13.6 
8.5 


37.8 
30.0 
43.6 
47.0 


13.0 

8.7 


80.0 
41.3 
45.3 

48.0 


11.4 
7.7 


80.0 
4L5 
45.0 
48.5 


10.6 
7.4 


40.6 
42.0 
45.4 
47.7 


12.7 
5.5 


36.4 
30.5 
41.7 
45.7 


15.2 
6.5 


38.1 
42.0 
44.0 
48.4 


14.8 
6.3 


35.4 
38.9 
41.6 

48.3 


14.3 
6.6 


38.6 
42.1 
45.1 
49.0 


14.8 
6.5 


37.2 
40.9 
43.7 

48.4 


15.4 
5.4 


38.2 
42.7 
45.1 
48.0 


16.2 
6.9 


38.1 
42.3 
45.4 

48.2 


10.6 
5.0 


40.9 
43.5 
45.7 
49.7 



Fixed 
car- 
bon. 



39.7 
41.6 
45.0 
51.0 

41.9 
44.3 

48.8 
51.7 

43.1 
46.0 
51.2 
53.1 

42.5 
45.0 
40.2 
53.0 

40.6 
43.1 
47.2 
51.1 

42.2 
44.0 
47.7 
51.5 

44.4 
46.0 
40.7 
52.3 



43.4 

46.0 
49.7 
54.3 

40.6 
44.8 
47.9 
51.6 

38.0 
41.8 
44.5 
51.7 

40.3 
43.9 
46.9 
51.0 



39.7 
43.5 
46.6 
51.6 



Ash. 



10.40 
10.90 
11.79 



4.8 
5.1 
6.6 



3.14 
3.35 
3.73 



6.24 
6.60 
7.21 



6.5 
6.9 
7.6 



6.5 
6.8 
13 



4.40 
4.55 
4.92 



7.47 
8.08 
8.56 



6.1 
6.7 
7.2 



11.8 


13.0 


13.9 


6.8 


7.4 


8.0 



8.30 
9.10 
9.74 



41.3 


5.11 


46.2 


5.72 


4H.9 


6.04 


52.0 




40.8 


4.0 


45.4 


5.4 


48.7 


5.0 


51.8 




41.4 


7.1 


44.0 


7.5 


46.4 


7.0 


50.3 





Sol. 
phur. 



a65 

.68 
.74 
.84 

.40 
.52 
.57 
.60 

.45 

.48 
.53 
.55 

.36 
.38 
.42 
.45 

.47 
.50 
.55 
.50 

.75 
.78 
.85 
.02 

.61 
.66 
.60 



.72 

.78 
.82 
.00 

.58 
.64 
.68 
.73 

.43 

.47 
.50 
.58 

.40 
.44 
.47 
.51 

.50 
.55 
.59 
.65 

.02 
1.03 
1.09 
1.1^ 

.61 
.68 
.73 

.78 

.79 

.84 
.88 
.96 



dro- 
gen. 



5.71 
5.45 
4.99 
6.66 



6.28 
5.05 
5.37 
5.58 

5.95 
5.65 
5.14 
5.54 



5.05 
5.77 
5.33 
5.61 



5.78 
5.35 
5.01 
5.48 



6.02 
5.53 
5.14 
5.69 



Car- 
bon. 



61.67 
64.50 
69.80 
79.13 



64.06 
68.45 
76wl2 
79.07 

63.37 
67.03 
73.26 
78.96 



68.16 
70.56 
76.22 
80.10 



64.18 
69.44 
73.62 
80.40 



60.78 
66.67 
71.31 
79.00 



6. 25 62. 95 

5.67 70.40 

5.3? 74.40 

5.72 79.18 



Nitro- 
gen. 



L14 
1.19 
1.29 
1.46 



1.11 
L19 
1.32 
1.37 

1.10 
1.16 
1.27 
1.37 



1.11 
L15 
1.24 
1.30 



1.10 
1.19 
1.26 
L38 



1.07 
1.17 
1.26 
1.40 

1.13 
1.26 
1.34 
L43 



Oxy- 
gen. 



20.53 
17.28 
11.39 
12.01 



24.04 
20.58 
12.93 
13.43 

22.08 
19.18 
12.70 
13.09 



10.70 
17.36 
n.63 
12.24 



20.76 
15.16 
10.83 
11.84 



23.33 
16.98 
11.96 
13.26 

23.64 
15.92 
11.76 
12.51 



Heating valua. 



Calo- 
ries. 



6,056 
6,346 
6,865 
7,785 

6,280 
6,645 
7,305 
7,745 

6,275 
6,710 
7,460 
7,760 

6,190 
6,545 
7,155 
7,710 

6,166 
6.536 
7,160 
7,745 

6,465 
6,735 
7,295 
7,875 

6.725 
6,960 
7,520 
7,905 



0,240 
6,750 
7,145 
7,815 

6,085 
6,705 
7, 175 
7,730 

5,640 
6,200 
6,615 
7,685 

6,085 
6, 030 
7,095 
7,710 

5,945 
6,525 
6,975 
7,730 

6,185 
6,915 
7,310 
7,780 

6,110 
6,785 
7,286 
7,740 

6,395 
6,795 
7,155 
7,770 



BriU 
ish 

ther- 
mal 

units. 



10,000 
11,420 
12,360 
14,010 

11,300 
11,060 
13,150 
13,040 

11,300 
12,080 
13,430 
13,050 

11,140 
11,780 
12.880 
13,880 

11,100 
11,770 
12,890 
13,940 

11,640 
12,120 
13,140 
14,180 

12,100 
12,530 
13,530 
14,230 



11,230 
12. 150 
12,870 
14,070 

10,950 
12,070 
12,920 
13,910 

10,150 
11,160 
11,010 
13,830 

10,050 
11,930 
12,770 
13,880 

10.700 
11,740 
12,560 
13,910 

11,130 
12,450 
13,160 
14,000 

11.000 
12,220 
13, 120 
13,030 

11,510 
12,230 
12,880 
13,000 
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Air- 

drying 

loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating value. 


Labora- 
tory No. 


Mois- 
ture. 


Vola- 
tUe 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


Hy. 
dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brilr 
ish 

ther- 
mal 

units. 


19286 


6.7 
7.5 
8.5 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 


14.6 
8.4 

15.0 
8.0 

16.0 
8.3 


38.8 
41.6 
45.4 
48.7 

38.1 
41.2 
44.8 
46.6 

38.1 
41.6 
45.3 
47.9 


40.9 
43.9 
47.9 
51.3 

43.6 
47.2 
51.3 
53.4 

41.3 
45.1 
49.2 
52.1 


5.7 
6.1 
6.7 


0.60 
.64 
.70 
.76 

.63 
.57 
.62 
.65 

.85 

.93 

1.01 

1.07 










6,130 
6,676 
7,176 
7,090 

6,305 
6,820 
7,416 
7,715 

6,100 
6,660 
7,265 
7,685 


11,030 
11,8S0 
12,920 
































13,S40 

11,350 
12,270 


19287 


3.3 
3.6 
3.9 






























13,350 












13,890 

10,9SO 
11,990 


19288 


4.6 
5.0 
5.5 












....../ 


















13,070 












13,830 

















SOCOBBO COirHTY. 



a20007 



18.5 



A 

B 
C 
D 



25.9 
9.1 



630.3 
37.2 
40.9 
46.6 



34.7 
42.6 
46.9 
53.4 



9.07 
11.13 
12.24 



0.39 
.48 
.53 
.60 



5.65 
4.40 
3.74 
4.26 



46.45 
57.00 
62.69 
71.44 



0.91 
1.12 
1.23 
1.40 



37.53 
25.87 
19.57 
22.30 



4,126 
5,066 
6,570 
6,345 



7,430 

9,120 

10,030 

11,430 



NORTH DAKOTA. 



MORToir coxnrTT. 



19786 


24.9 
31.5 
32.7 


A 
B 

C 
D 

A 
B 
C 
D 

A 
B 
C 
D 


36.1 
14.9 

38.6 
10.4 

38.5 
8.6 


627.7 
36.9 
43.3 
47.7 

626.8 
39.1 
43.7 
50.1 

27.6 
41.0 
44.9 
50.9 


30.4 
40.4 
47.5 
52.3 

26.7 
39.0 
43.5 
49.9 

26.6 
39.6 
43.3 
49.1 


5.8 
7.8 
9.2 

7.9 
11.5 
12.8 

7.28 
10.83 
11.84 


0.41 
.54 
.64 
.70 

.66 

.97 

1.07 

1.23 

1.31 
1.95 
2.13 
2.42 










3,875 
6,165 
6,065 
6,680 

3,585 
5,230 
5,835 
6,005 

3,725 
5,535 
6,055 
6,870 


6,9S0 
9,300 






















10,920 
12,020 

6,450 
9,420 












19801 






























10,500 












12,050 


20033 


7.03 
5.04 
4.47 
5.07 


39.22 
58.31 
63.79 
72.36 


0.60 
.89 
.98 

1.11 


44.56 
22.98 
16.79 
19.04 


6,700 

9.970 

10,900 

12,360 



OHIO. 
BELMONT COXnrTY. 



20174 
20176 
20187 


2.2 
2.4 
2.3 

1.7 


A 
B 

C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
I> 


4.3 
2.2 

4.3 
2.0 

4.1 
1.9 

3.7 
2.0 


35.3 
36.1 
36.9 
44.4 

39.0 
39.9 
40.7 
46.1 

42.7 
43.7 
44.6 
49.4 

43.3 
44.0 
44.9 
49.3 


44.2 
45.1 
46.1 
55.6 

45.5 
46.6 
47.6 
53.9 

43.9 
44.9 
45.7 
50.6 

44.4 

45.2 
46.1 
50.7 


16.22 
16.58 
16.95 

11.21 
11.48 
11.72 

9.3 
9.5 
9.7 

8.6 
8.8 
9.0 


3.53 
3.61 
3.69 
4.44 

3.65 
3.74 
3.81 
4.32 

4.46 
4.56 
4.65 
5.15 

4.45 
4.53 
4.62 
5.07 1 


4.98 
4.84 
4.70 
5.66 

5.31 
5.16 
5.05 

5.72 

• 


64.10 
65.52 
66.98 
80.65 

68.17 
60.84 
71.26 
80.72 


1.20 
1.23 
1.25 
1.50 

1.20 
1.23 
1.25 
1.42 


9.97 
8.22 
6.43 
7.75 

10.46 
8.55 
6.91 
7.82 
























....... 








20188 




























t 









6,445 
6,500 
6,735 
8,110 

6,890 
7,060 
7,205 
8,100 

7,075 
7,940 
7^380 
8,175 

7,195 
7^320 
7,470 
8,205 



11,610 

n,s60 

12,130 
14,600 

12,400 
12,710 
12,9?0 
14,690 

12,730 
13,030 
13. 2» 
14,710 

12,950 
13,170 
13,4JO 
14,770 



o Weathered. 



6 Moisture determined by modified olllctal method« 
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OHIO—Continued. 



BSLMOHT OOXrarTY-Continiied. 



Labon- 
toiy No. 



Alr^ 

drying 

loss. 



20180 



20230 



3Q234 



30336 



20237 



20238 



20211 



20775 



2.0 



2.0 



2.3 



2.4 



1.6 



2.3 



2.5 



3.6 



Fonn 
of 

ftllAl- 

ysJs. 



A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 

D 



Proximftto. 



Ultimate. 



Mois- 
ture. 



3.0 
1.9 



8.7 
L8 



4.4 

2.2 



4.6 
2.2 



3.5 
LO 



4.1 
L8 



4.5 

2.0 



4.7 
2.1 



Vols. 
tUe 
mat- 
ter. 



43.1 
44.0 
44.8 
40.5 

41.0 
41.8 
43.0 
47.3 

37.1 
37.0 
38.8 
46.3 

36.8 
37.7 
38.6 
45.5 

37.2 
37.8 
38.5 
47.3 

33.7 
34.6 
35.1 
45.0 

36.6 
37.6 
38.3 
45.3 

34.2 
35.1 
35.0 
42.8 



Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


43.0 


0.07 


4.36 


44.8 


0.25 


4.45 


45.8 


0.44 


4.54 


50.5 




5.01 


45.8 


0.5 


4.57 


46.7 


0.7 


4.66 


47.5 


0.0 


4.75 


52.7 




5.27 


43.1 


15.4 


3.00 


44.1 


15.8 


2.07 


45.0 


16.2 


3.03 


53.7 




3.61 


44.2 


14.4 


2.50 


45.3 


14.8 


2.65 


46.3 


15.1 


2.71 


54.5 




3.10 


41.5 


17.8 


4.05 


42.2 


18.1 


4.12 


43.0 


18.6 


4.20 


52.8 


21.00 


5.15 
2.86 


41.2 


42.2 


21.50 


2.03 


43.0 


31.80 


2.08 


55.0 




3.81 


44.2 


14.75 


3.02 


45.3 


15.13 


3.10 


46.3 


15.44 


3.16 


54.7 




3.74 


45.8 


15.34 


2.85 


47.0 


15.75 


2.93 


48.0 


16.10 


2.00 


57.2 




3.56 



dxo- 
gen. 



6.77 



4.76 
4.61 
4.40 
5.75 

5.10 
4.04 
4.81 
5.60 



95 
70 
65 
54 



Car- 
bon. 



6.46 60.07 
5.35 I 71.30 
5.23 72.80 



80.30 



50.03 
61.37 
62.48 
79.00 

65.32 
67.02 
68.37 
80.85 

63.71 
65.42 
66.85 
79.68 



Nitro- 
gen. 



1.27 
1.30 
1.32 
1.46 



1.00 
1.12 
1.14 
1.46 

1.16 
1.10 
1.21 
1.43 

1.33 
1.37 
1.40 
1.67 



Oxy- 
gen. 



0.87 
8.26 
6.67 
7.37 



10.36 
8.47 
7.02 
8.00 

10.65 
8.62 
7.01 
8.20 

11.82 
0.74 
8.01 
0.55 



Heating value. 



Calo- 
ries. 



7,130 
7,275 
7,4:» 
8,105 

7,090 
7,230 
7,3rt5 
8,170 

6,475 
6,625 
6,775 
8,080 

6,576 
6,735 
6,890 
8,130 

6,305 
6,500 
6,630 
8,130 

6,010 
6,155 
6,270 
8,025 

6,555 
6,725 
6,860 
8,110 

6,480 
6,655 
6,800 
0,105 



Brit^ 

ish 

ther- 

mnl 

units. 



12,840 
13,100 
13,360 
14,750 

12,760 
13,0.0 
13, ^W 
14,700 

11,660 
11,930 
12,190 
14,540 

11,830 
12, 120 
12,400 
14,610 

11,510 
11,700 
11,930 
14,630 

10,820 
11,080 
11,280 
14,440 

11,800 
12,100 
12,350 
14,600 

11,660 
11,960 
12.240 
14,500 



OXJERH8BY COTOTY. 



20178 
20243 
20245 


2.2 
2.5 
4.2 
3.6 
3.0 
3.3 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 


4.4 
3.3 

4.3 
LO 

6.0 
3.8 

6.3 
3.7 

6.5 
2.7 

5.4 
2.2 


41.1 
42.1 
43.0 
47.4 

40.2 
41.2 
42.0 
47.2 

34.1 
35.6 
36.6 
30.0 

36.2 
37.6 
38.6 
40.0 

35.4 
36.0 
37.0 
40.3 

35.8 
37.0 
37.8 
41.4 


45.8 
46.8 
47.0 
62.6 

45.1 
46.2 
47.1 
52.8 

53.3 
55.6 
57.2 
61.0 

52.3 
54.3 
55.8 
60.1 

52.6 
54.7 
56.2 
50.8 

50.8 
52.5 
53.7 
58.6 


8.74 
8.03 
0.14 

10.30 
10.65 
10.86 

5.7 
6.0 
6.2 

6.3 
6.6 

5.6 

5.53 
5.75 
6.01 

8.0 
8.3 
8.5 


4.85 
4.06 
5.07 
5.58 

3.75 
3.84 
3.02 
4.40 

.84 
.88 
.00 
.06 

.88 

.91 

.94 

LOO 

.88 

.92 

.94 

LOO 

L64 
L6e 
L73 
1.80 


1 
5.37 
5.24 
5.11 
5.62 

5.37 
5.23 
5.11 
6.73 


60.30 
70.83 
72.46 
79.75 

68.30 
70.02 
71.39 
80.09 


1.26 
1.29 
L32 
L45 

1.50 
1.54 
1.57 
1.76 


10.48 
8.75 
6.90 
7.60 

10.69 
8.72 
7.15 
8.02 


7,060 
7,215 
7,385 
8,125 

6,940 
7,115 
7,255 
8,140 

7,105 
7,410 
7,630 
8,130 

7,225 
7,495 
7,705 
8,170 

7,190 
7,480 
7,600 
8,170 

7,100 
7,340 
7,505 
8,205 


13,710 
12,990 
13,290 
14,630 

12,490 
12.810 
13,060 
14,650 

12,790 
13,340 
13,730 
































14,640 

13,000 
13,400 
13,870 
14,700 

14,040 
13,470 
13,840 
14,710 

12,780 


30246 








































30247 
20261 


5.49 
5.27 
5.10 
6.43 


73.42 
78.39 
78.51 
83.44 


1.37 
1.43 
1.46 
1.65 


13.31 

10.24 

8.08 

8.50 












13, 210 








1 


13,510 






•••••■ « 


1 


14,770 
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OHIO— Con tinued . 
QTTEBNSEY COTnflTTY— Continued. 





Air- 

drying 

loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


HeaUng value. 


Labora- 
tory No. 


Mois- 
ture. 


Vola. 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


A.sh. 


Sul- 
phur. 


Hy- 
dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brltr 
ish 

ther- 
mal 

units. 


20262 


4.1 
3.7 
3.8 
3.4 
3.6 


A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 

D 


6.4 
2.4 

6.0 
2.4 

6.1 
2.4 

6.0 
2.6 

6.1 
2.5 


33.7 
35.1 
36.0 
39.2 

34.2 
35.5 
36.4 
39.7 

35.2 
36.6 
37.5 
40.5 

35.7 
37.0 
38.0 
41.5 

35.0 
36.4 
37.3 
40.5 


52.1 
54.4 
65.7 
60.8 

52.0 
54.0 
55.3 
60.3 

51.8 
53.8 
55.1 
59.5 

50.4 
52.2 
53.6 
58.5 

51.6 
53.5 
54.9 
59.5 


7.8 
8.1 
8.3 


2.16 
2.25 
2.30 
2.51 

1.98 
2.06 
2.11 
2.30 

1.62 
1.68 
1.72 
1.86 

2.15 
2.23 
2.29 
2.50 

1.95 
2.02 
2.08 
2.26 










7,015 
7,315 
7,495 
8,175 

7,065 
7,340 
7,520 
8,200 

7,075 
7,355 
7,535 
8,135 

7,035 
7,285 
7,480 
8,170 

7,060 
7,325 
7,520 
8,155 


12,630 
13,170 
13,490 
































14,730 

12,720 
13,210 
13,530 
14,760 

12,740 
13,240 


20263 


7.83 
8.13 
8.33 


5.38 
5.16 
5.01 
6.47 


71.38 
74.12 
75.93 
82.83 


1.32 
1.37 
1.40 
1.53 


12.11 
9.16 
7.22 
7.87 


20264 


6.9 
7.2 
7.4 






















13,570 
14,650 

12,660 
13, 110 












20265 


7.9 
8.2 
8.4 






























13,460 
14,700 

12,710 
13.190 
13,.i.'X) 
14,6») 












20266 


7.33 
7.60 
7.80 


5.37 
5.16 
5.00 
5.42 


71.24 
73.91 
75.84 
82.26 

• 


1.39 
1.44 
1.48 
1.61 


12.72 
9.87 
7.80 
8.45 







JEFFEKSON COXTirTT. 



15394 



15395 



15442 



15446 



15565 



1.4 



1.7 



1.6 



2.4 



2.3 



A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



3.5 
2.1 



3.7 
2.0 



3.4 
1.8 



4.7 
2.3 



4.1 
1.8 



38.0 



38. 
39. 
42. 



38.0 
38.6 
39.4 
43.4 



38.0 
38.6 
39.3 
42.4 

36.6 
37.5 
38.4 
41.9 

38.0 
38.9 
39.6 
43.1 



61.1 
51.8 
52.9 
57.3 

49.6 
50.5 
51.5 
56.6 

51.6 
52.5 
53.5 
57.6 

50.8 
52.1 
53.3 
58.1 

60.2 
51.4 
52.4 
66.9 



7.44 
7.56 
7.71 



8.75 
8.90 
9.09 



6.97 
7.08 
7.21 



7.89 
8.08 
8.28 



7.70 

7.88 
8.03 



3.09 
3.13 
3.20 
3.47 

2.82 
2.87 
2.93 
3.22 

2.71 



2. 
2. 
3. 



75 
80 
02 



2.80 
2.87 
2.94 
3.21 

3.84 
3.93 
4.00 
4.35 



5.43 
5.35 
6.22 
6.66 

5.32 
5.22 
5.10 
5.61 

5.40 
6.31 
6.20 
6.60 

5.28 
6.13 
4.99 
5.44 

6.23 
6.10 
4.97 
6.40 



73.39 
74.43 
76.05 
82.40 

71.76 
73.00 
74.61 
81.96 

73.31 
74.50 

76.88 
81.78 

71.72 
73.49 
75.23 
82.02 

71.60 
73.38 
74.77 
81.30 



1.46 
1.48 
1.61 
1.64 

1.39 
1.41 
1.44 
1.68 

1.46 
1.49 
1.51 
1.63 

1.35 
1.38 
1.42 
1.55 

1.39 
1.42 
1.45 
1.58 



9.19 
8.06 
6.31 
6.83 

9.96 
8.60 
6.93 
7.63 

10.15 
8.87 
7.40 
7.97 

10.96 
9.05 
7.14 
7.78 

10.15 
8.29 
6.78 
7.37 



7,380 

7,485 
7,650 
8,290 

7,285 
7,410 
7,560 
8,320 

7,440 
7,660 
7.700 
8,295 

7,195 
7,370 
7,545 
8,225 

7,230 
7,400 
7,540 
8,130 



13,290 
13,480 
13,770 
14,920 

13, 110 
13,340 
13,610 
14,970 

13.390 
13.610 
13,860 
14,930 

12,950 
13,270 
13,580 
14,810 

13,010 
13,320 
13,570 
14,760 



MOimOE COUVTY. 



202S0 



2.7 


A 


4.9 


35.9 


43.9 


15.32 


3.96 


4.87 


63.59 


1.19 


11.07 


6,410 




B 


2.2 


36.9 


45.1 


15.75 


4.07 


4.70 


65.36 


1.22 


8.90 


6,590 




C 




37.8 


46.1 


16.10 


4.16 


4.55 


66.83 


1.25 


7.11 


6,740 




D 




46.0 


55.0 




4.96 


5.42 


79.65 


1.49 


8.48 


8,030 



11,540 
11,860 
12, 1.10 
14,400 
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OHIO— Continued. 



VOBLS OOVVTT. 





AJiw 

drying 
loss. 


Fonn 

of 
anal- 
ysfa. 


Proximate. 


Ultimate. 


Heating valoe. 


'■JTJ No. 


Hob- 
tors. 

4.2 

2.1 

4.5 
2.1 

3.6 
1.8 


Vola- 
tile 

mat- 
ter. 

38.4 
39.2 
40.1 
46.2 

39.6 
40.6 
41.4 
46.5 

41.5 
42.3 
43.1 

48.4 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 

3.61 
3.69 
3.77 
4.34 

4.12 
4.22 
4.32 
4.84 

4.87 
4.96 

5. as 

5.67 


dro- 
gen. 

5.22 
5.09 
4.97 
5.72 

5.27 
5.12 
5.00 
5.61 

5.25 
5.14 
5.03 
5.65 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 
ther- 
mal 
units. 


aoivi 


2.1 


A 

B 

c 

D 

A 

D 
C 
D 

A 

B 
C 
D 

• 


44.8 
45.8 
46.7 
53.8 

45.6 
46.7 
47.8 
53.5 

44.4 
45.2 
46.0 
5L6 


12.62 

12.88 
13.17 


66.87 
68.27 
69.76 
80.34 

68.00 
09.60 
71.22 
79.85 

68.15 
69.45 
70.67 
79.33 


1.20 
1.23 
1.25 
1.44 

M7 
1.20 
1.23 

1.38 

Lll 
L13 
1.15 
1.29 


10.48 

8.84 
7.08 
8.16 

U.12 
9.19 
7.42 
8.32 

10.09 
8.59 
7.18 
8.06 


6,740 
6,880 
7,030 
8,095 

6.845 
7,015 
7,170 
8,040 

6,945 
7.080 
7,205 
8,085 


12,130 
12,380 
12,6.50 
12.570 


20235 2.4 


10.32 
10. M 
10.81 


12,320 
12.630 
12,910 
14,470 

12,510 
12,740 
12,970 
14,560 


2re4o 


1.9 


10.53 
10.73 
10.92 










1 





OKLAHOMA. 



CRAIG coxnrTT. 



20715 


2.9 
2.5 
2.4 
4.1 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 


4.9 
2.0 

4.1 
1.7 

4.1 

1.8 

5.7 
1.7 


3i5.4 
36.4 
37.2 
42.4 

37.4 
38.4 
39.0 
43.7 

40.3 
41.3 
42.1 
47.0 

38.3 
39.9 
40.6 
45.4 


1 

48.0 1 
49.5 
50.5 
57.6 

48.3 
49.5 
50.4 
56.3 

45.5 
46.6 
47.4 
53.0 

45.9 
47.9 
48.7 
54.6 


11.7 
12.1 
12.3 

10.17 
10. 43 
10.61 

10.1 
10.3 
10.5 

10.1 
10.5 
10.7 


5.76 
5.93 
6.06 
6.91 

6.08 
6.24 
6.34 
7.09 

6.55 
6.71 
6.83 
7.63 

6.02 
6.28 

6.38 
7.14 










6,935 
7,145 
7,290 
8,315 

7,175 
7,360 
7,485 
8,375 

7,170 
7,345 
7,480 
8,355 

6,980 
7,280 
7,410 
8,295 


12,480 












12,860 












13,120 












14,970 

12,920 
13,250 
13,470 
15,070 

12,910 
13,230 


30717 


5.33 
5.18 
5.08 
5.68 


09.76 
71.57 
72.77 
81.41 


1.39 
L43 
1.45 
1.62 


7.27 
6.15 
3.75 
4.20 






















13,4e0 












15,040 
12,570 


20718 




















13, 110 












13,330 












14,930 













ROOSH8 COnVTT. 



20714 


3.8 
2.6 
7.3 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 

g 


6.1 
2.3 

4.2 
1.7 

9.4 
2.2 


38.3 
39.9 
40.8 
44.7 

38.2 
39.2 
39.9 
44.5 

31.7 
34.2 
3.'>.0 
36.8 


47.4 
49.3 
50.5 
55.3 

47.8 
49.0 
49.9 
55.5 

54.3 
58.6 
59.9 

6:i.2 


8.2 
8.5 
8.7 

9.82 
10.08 
10.25 

4.6 
5.0 
5.1 


3.84 
3.99 
4.09 

4.48 

5.17 
5.31 
5.40 
6.02 

.81 
.87 
.89 
.94 










7,075 
7,355 
7,530 
8,255 

7,175 
7,365 
7,490 
8,345 

7,150 
7,715 
7,895 
8,315 


12.740 












13,240 
13,560 




! 
















14,860 

12.910 
13,260 
13, 480 
15,020 

12,870 


207» 
20781 


5.35 
5.20 
5.10 
5.68 


60.67 
71.54 
72.75 
81.06 


1.60 
1.64 
1.67 
1.86 


8.39 
6.23 
4.83 
5.38 












l.'l,890 










14. 210 






1 


14,970 




1 


1 
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TXJIA^ OOUITTY. 





Air- 
drying 
loss. 


Form 

of 
anal- 
ysis. 


Pioximato. 


UltimatA. 


Heating Yalnei 


Labora- 
tory No. 


Mois- 
ture. 


Vola^ 
tUe 
mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


20712 


3.3 

2.9 


A 

B 
C 
D 

A 
B 
C, 
D 


6.7 
3.5 

6.3 
3.4 


36.3 
37.6 
38.9 
42.9 

37.7 
38.9 
40.2 
44.1 


48.3 
49.9 
61.7 
67.1 

47.8 
49.3 
51.0 
55.9 


8.7 
9.0 
9.4 


3.38 
3.50 
3.62 
3.99 

3.76 
3.87 
4.01 
4.39 










6,970 
7,210 
7,470 
8,240 

7,050 
7,265 
7,525 
8,245 


12,540 
12,980 
13,4.tO 
14,840 
































20713 


8.20 
8.45 
8.75 


5.61 
5.44 
5.24 
5.74 


69.54 
71.65 
74.21 
81.33 


1.73 
1.78 
1.85 
2.08 


11.16 
8.81 
5.94 
6.51 


12,690 
13,080 
13,550 
14,850 



WAOGHSR COUITTT. 



20832 



6.1 


A 
B 
C 
D 


8.3 
2.3 


34.0 
36.2 
37.1 
40.0 


61.1 
64.4 
65.7 
60.0 


6.6 
7.1 
7.2 


2.51 
2.68 
2.74 
2.95 








, 


6,985 
7,440 
7,615 
8,210 

































12,580 
13, 3») 
13,710 
14,780 



OKBOON. 
GOGS GGUVTY. 



19877 


3.8 
10.8 


A 

B 
C 
D 

A 

B 
C 
D 


7.8 
4.2 

14.6 
4.2 


30.4 
31.6 
33.0 
49.1 

29.0 
32.5 
33.9 
49.6 


31.5 
32.7 
34.1 
50.9 

29.4 
33.0 
34.5 
50.4 


30.3 
31.6 
32.9 

27.0 
30.3 
31.6 


1 11 

i:i5 

1.20 
1.79 

.56 
.63 
.66 
.97 










4,600 
4,875 
5,000 
7,585 

4,410 
4,940 
5,160 
7,560 


8,440 
8 770 






















9 160 












13,650 

7.9ao 

8,890 

9,290 

13,590 


19878 
























■ 

























PENNSYLVANIA. 
8GMBB8ST GGUVTY. 



19848 


3.3 
2.1 
2.7 
2.0 


A 

B 
C 
D 

A 

B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 


4.0 
.7 

2.7 
.7 

3.4 

.8 

2.9 
.9 


17.8 
18.4 
18.5 
19.9 

17.2 
17.5 
17.7 
19.0 

17.2 
17.6 
17.7 
19.0 

20.9 
21.4 
21.5 
24.1 


71.8 
74.2 
74.8 
80.1 

73.6 
75.0 
75.5 
81.0 

73.0 
75.0 
75.6 
81.0 

65.9 
67.2 
67.9 
76.9 


6.4 

6.7 
6.7 

6.6 

6.8 
6.8 

6.45 
6.63 
6.68 

10.29 
10.50 
10.60 


0.87 
.90 

-.91 
.98 

.79 
.81 
.81 
.87 

.83 

.85 
.86 
.92 

1.39 
1.42 
1.43 
1.60 










7,810 
8,075 
8,140 
8,720 

7,885 
8,050 
8,110 
8,700 

7,835 
8,050 
8,110 
8,090 

7,406 
7,560 
7,630 
8,635 


14,060 
14,540 
14,650 
15.700 
































19849 










14.200 












14,491) 
14,600 
15,660 






















19850 
19861 


4.75 
4.57 
4.52 
4.84 

4.47 
4.33 
4.27 
4.78 


81.53 
83.78 
84.39 
90.42 

76.78 
78.37 
79.11 
88.49 


1.43 
1.47 
1.48 
1.59 

1.06 
1.10 
1.11 
1.24 


6.01 
2.70 
2.07 
2.23 

6.99 
4.28 
3.48 
3.89 


14.100 
14,490 
14.600 
15,640 

13,330 
13.600 
13.730 
15.360 
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TBNMSS8BE. 
AVDBB80V OOXmTT. 



I.&bor»- 
torvNo. 



2N27 



21451 



214S2 



21453 



21455 



21454 



21627 



21628 



21G29 



21630 



21631 



21CM} 



21G37 



21638 



21639 




1.1 



.4 



.6 



.7 



.4 



2.2 



1.1 



.8 



1.0 



LO 



.3 



.5 



.6 



.6 



Fonn 

of 
anal- 
ysis. 



A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 

D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 

D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



Proximate. 



Ultimate. 



Mois- 
ture. 



2.1 

1.3 



2.4 
1.3 



1.7 
1.3 



1.9 
1.3 



2.0 
1.3 



1.3 

.9 



3.9 
1.8 



2.5 
1.5 



2.0 
1.2 



2.2 
1.2 



2.2 
1.2 



1.7 
1.4 



2.0 
1.5 



1.7 
1.1 



1.8 
1.2 



Vola- 
tile 

mat- 
ter. 



40.5 
40.8 
41.3 
43.1 

37.2 
37.6 
38.1 
39.7 

38.9 
39.1 
39.6 
41.0 

39.1 
39.3 
39.8 
41.8 

38.4 

as. 6 

39.2 
40.8 

41.7 
41.9 
42.2 
44.9 

38.4 
39.3 
40.0 
41.2 

36.3 
36.7 
37.2 
39.0 

37.9 
38.2 
38.7 
41.7 

37.4 
37.8 
38.2 
41.1 

37.2 
37.6 
38.0 
40.6 

37.0 
37.1 
37.6 
39.5 

36.1 
3(). 3 
30.8 
39.1 

36.3 
36.5 
36.9 
39.8 



36. 
36. 
37. 
39. 



Fixed 




car- 


Ash. 


bon. 




53.4 


4.0 


53.8 


4.1 


&1.6 


4.1 


56.9 




66.7 


3.7 


57.3 


3.8 


58.1 


3.8 


60.3 




56.0 


3.4 


56.2 


3.4 


67.0 


3.4 


59.0 




54.3 


4.7 


54.7 


4.7 


55.4 


4.8 


58.2 




55.6 


3.96 


56.1 


3.99 


56. 8 


4.04 


59.2 




51.1 


5.9 


51.3 


5.9 


51.8 


6.0 


55.1 




54.8 


2.9 


56.0 


2.9 


57.0 


3.0 


58.8 




56.8 


4.4 


57.4 


4.4 


58.3 


4.5 


61.0 




53.1 


7.0 


53.5 


7.1 


54.1 


7.2 


58.3 




53.7 


6.7 


54.2 


6.8 


54.9 


6.9 


58.9 




64.5 


6.12 


55.0 


6.18 


55.7 


6.26 


59.4 




56.6 


4.7 


5(i.8 


4.7 


57.0 


4.8 


60.5 




56.3 


5.6 


56.6 


6.6 


67.4 


5.8 


60.9 




55.0 


7.0 


55.3 


7.1 


55.9 


7.2 


60.2 




65.4 


6.34 


55.7 


6.38 


5(».4 
GO. 3 


6.45 



Sul- 
phur. 



1.60 
1.61 
1.63 
1.70 

2.03 
2.05 
2.08 
2.16 

1.22 
1.22 
1.24 
1.28 

1.75 
1.76 
1.78 
1.87 

1.81 
1.82 
1.&5 
1.93 



60 
61 
62 



1.72 

.84 
.86 
.87 
.90 

1.05 
1.06 
1.08 
1.13 

1.76 
1.77 
1.80 
1.94 

1.89 
1.91 
1.93 
2.07 

1.59 
1.61 
1.63 
1.74 

1.18 
1.18 
1.20 
1.26 

.99 
1.00 
1.01 
1.07 



.90 
.91 
• 9o 

. W 
1.00 
1.01 
1.08 



dro- 
gen. 



5.58 
5.54 
5.47 
5.70 



5.40 
5.34 

5.28 
5.63 



5.47 
5.44 
5.38 
6.75 



Car- 
bon. 



Nitro- 
gen. 



79.45 
80.02 
81.09 
84.50 



2.13 
2.15 
2.17 
2.26 



Oxy- 
gen. 



7.07 
6.48 
5.38 
5.61 



77.61 
78.35 
79.35 
84.65 



78.06 
78.49 
79.46 
84.93 



1.83 
1.85 
1.87 
1.99 



7.46 
6.67 
5.61 
5.99 



1.92 
1.93 
1.95 
2.08 



7.22 
6.76 
5.75 
6.16 



Heating value. 



Calo- 
ries. 



7,900 
7,960 
8.070 
8,415 

7,970 
8,065 
8,170 
8,495 

8,065 
8,095 
8,205 
8,500 

7,955 

H,(m 

8,110 
8,515 

7,990 

8,045 
8, 155 
8^495 

8,010 
8,045 
8,115 
8,635 

7,8.'>5 
8,035 
8,175 
8,430 

7,865 
7,950 
8,070 
8,450 

7,675 
7,735 
7,830 
8,440 

7.715 
7,790 
7,aS5 
8,465 

7.755 
7,830 
7,ft30 
8,460 

7,865 
7,890 
8,005 
8,405 

7,770 
7,810 
7,925 
8,410 

7,700 
7,745 
7,835 
8,440 

7,730 
7,775 
7,870 
8,410 



Brit- 
ish 

ther- 
mal 

units. 



14 
14 
14 

13 

14 
14 
14 
15 

14 
14 
14 
15 

14 
14 
14 
15 

14 
14 
14 

IS 

14 
14 
14 
15 

14 
14 
14 

15 

14 
14 
14 

15 

13 
13 
14 
15 

13 
14 
14 
15 

13 

14 
14 
15 

14 
14 
14 
15 

13 
14 
14 
15 

13 
13 
14 
15 

13 
14 
14 
15 



220 
330 
530 
150 

350 
510 
710 
290 

520 
570 
770 
300 

320 
410 
590 
330 

380 
480 
680 
290 

420 
480 
610 
550 

140 
460 
720 
170 

160 
310 
530 
210 

820 
930 
090 
190 

880 
030 
190 
240 

960 
090 
270 
230 

160 
200 
410 
130 

990 
060 
270 
140 

860 
940 
100 
190 

920 
000 
170 
140 
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Air- 
drying 
loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


I 




Ultimate. 






Heatlngyalue. 


Laborer 
toryNo. 


Mois- 
ture. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit. 
Lsh 

ther- 
mal 

units. 


21632 


M 

1.2 

.6 

1.0 

.7 

.7 

.5 

.4 

.7 

.6 

.6 

.6 

.5 
.6 
.6 


A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 


D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 

n 


2.7 
1.6 

2.5 
1.4 

2.0 
1.4 

2.4 

1.4 

2.3 
1.6 

2.2 
1.5 

1.7 
1.2 

1.7 
1.4 

2.0 
1.3 

1.9 
1.4 

1.9 
1.4 

1.9 
1.3 

1.8 
1.4 

1.9 
1.3 

l.« 
1.3 


36.4 
36.8 
37.4 
39.6 

35.4 
35.8 
36.3 
40.3 

35.9 
36.1 
36.6 
41.0 

36.0 
36.4 
36.9 
40.4 

37.4 
37.6 
38.3 
40.0 

36.0 
36.2 
36.8 
39.0 

36.4 
36.6 
37.1 
39.7 

37.0 
37.1 
37.6 
39.8 

37.0 
37.3 
37.7 
40.0 

36.6 
36.8 
37.3 
39.6 

36.5 
30.7 
37.2 
39.5 

36.6 
36.8 
37.3 
40.0 

37.3 
37.4 
37.9 
39. G 

36.7 
36.9 
37.4 
38.9 

36.6 
30.8 
37.3 
39.3 


55.5 
56.2 
57.0 
60.4 

52.5 
53.1 
53.9 
59.7 

51.8 
52.1 
52.8 
69.0 

63.2 
53.7 
64.5 
50.6 

66.1 
56.5 
57.4 
60.0 

66.4 
56. 8 
57.6 
61.0 

65.4 
55.6 
66.3 
60.3 

65.9 
66.1 
66.9 
60.2 

66.5 
55.9 
66.7 
60.0 

55.8 
66.1 
66.9 
60.4 

56.0 
56.3 
57.1 
60.5 

54.9 
55.2 
56.0 
60.0 

56.9 
67.2 
58.0 
(X).4 

57.5 
57.8 
68.6 
61.1 

66.5 
66.8 
67.5 
60.7 


5.4 
5.5 
6.6 


1.52 
1.54 
1.56 
1.65 

1.73 
1.75 
1.78 
1.97 

1.65 
1.66 
1.68 
1.88 

1.61 
1.63 
1.65 
1.81 

.89 
.90 
.91 
.95 

.83 
.84 
.85 
.90 

.91 

.91 

.93 

1.00 

.82 
.82 
.83 
.88 

.73 
.73 
.74 
.78 

.87 
.87 
.89 
.94 

1.49 
1.50 
1.52 
1.61 

1.80 
1.81 
1.83 
1.96 

.83 
.83 

.85 
.89 

1.00 
1.01 
1.02 
1.06 

1.32 
1.33 
1.34 
1.41 








7,730 
7,820 
7,945 
8,410 

7,385 
7,475 
7,580 
8,400 

7,345 
7,390 
7,495 
8,375 

7,510 
7,585 
7,690 
8,410 

7.880 
7,935 
8,065 
8,430 

7,806 

7,865 
7,985 
8,465 

7,765 
7,805 
7,900 
8,460 

7,875 
7.905 
8.015 
8,480 

7,850 
7,900 
8,010 
8,480 

7,830 
7,875 
7,980 
8,476 

7,850 
7,895 
8,005 
8,490 

7,760 
7,795 
7,900 
8,470 

7,975 
8,010 
8,125 
8,465 

7,990 
8,035 
8,145 
8,485 

7,890 
7,935 
8,035 
8,475 


13.920 












14,070 












14,300 












15,140 


21633 


9.6 
9.7 
9.8 










13,300 












13,460 












13.640 












15,120 


21634 


10.3 
10.4 
10.6 










13.230 












13,300 












13,490 




1 






15,080 


21635 


8.39 
8.47 
8.69 


5.27 
5.21 
6.13 
6.61 


75,23 
75.97 
77.03 
84.27 


1.80 
1.82 
1.84 
2.01 


7.70 
6.90 
5.76 
6.30 


13.520 
13,650 
13,840 
15,140 


21680 


4.2 
4.3 
4.3 


u,im 












14,280 


- 










14,520 












15, 170 


21040 


5.4 
5.5 
5.6 










14,050 












14,100 












14,370 












15,220 


21641 


6.6 
6.6 
6.6 










13,960 












14.050 












14,22C 












15,230 


21642 


6.4 
5.4 
6.5 










14,170 












14.230 










14,420 










15,260 


21643 


5.5 
5.5 
6.6 








14.130 




1 






14,22t 












14,420 












15,27t 


21644 


5.70 
6.73 
5.81 


6.49 
6.46 
5.38 
5.71 


78.75 
79.20 
80.30 
85.25 


1.88 
1.89 
1.92 
2.04 


7.31 
6.85 
6.70 
6.06 


14,090 
14,170 
14,370 
15,250 


21645 


5.6 
5.6 
5.7 


14, 130 












14,210 










14,410 






1 




15,280 


21646 


6.6 
6.7 
6.7 




1 




13,950 










14,030 












14 220 












15,250 


21647 


4.0 
4.0 
4.1 










14,350 












14,420 












14,620 












15,240 


21648 


3.9 
4.0 
4.0 










14,380 












14.470 












14,660 












15,280 


21649 


5.08 
6.11 
6.17 


5.42 
5. .39 

5.32 
5.01 


78.95 
79.39 
80.42 
84.80 


1.91 
1.92 
1.95 
2.06 


7.32 
6.86 
5.80 
6.12 


14,200 
14,2HU 
14.470 
15,250 


__ 
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BIXD80S OOTJVTT. 





Aii^ 

drying 

Iocs. 


FonB 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating value. 


turyNo. 


Mois- 
ture. 


Vol*- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Aah. 


Sul- 
phur. 


dro- 
gen. 


Cai^ 
bon. 


Nitio. 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


22250 


L5 
L7 
1.6 


A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 

D 


2.9 
L4 

3.1 
L4 

3.1 
1.4 


30.3 
80.8 
31.2 
33.6 

28.7 
29.2 
29.6 
32.8 

29.8 
30.3 
30.7 
33.6 


59.8 
60.7 
61.6 
66.4 

58.8 
50.9 
60.7 
67.2 

58.9 
59.9 
fiO.R 
GO. 4 


7.0 
7.1 
7.2 


0.82 
.83 
.84 
.01 

1.25 
1.27 
1.29 
1.43 

1.02 
1.04 
1.05 
1.15 










7,636 
7,756 
7,860 
8,475 

7,430 
7,560 
7,665 
8,490 

7,530 
7,655 
7,765 
8,485 


13,750 
13.900 






















14,150 
15,250 

13,380 
13,610 
13,800 
15,280 

13,560 
13,780 
13,980 
15,280 












222GO 


9.4 
9.5 
9.7 








































22261 


8.24 
8.37 
8.50 


6.00 
4.99 
4.90 
5.36 


76.67 
77.92 
79.05 
86.30 


L43 
L45 
1.47 
1.61 


7.55 
6.23 
5.03 
5.49 







CAKPBSLL COUITTT. 



21650 



2iri:»i 



21552 



21653 



21654 



21A55 



a6 



.7 



.5 



.6 



21656 



21657 



21658 



21677 



2J6r8 



1.1 



1.5 



1.1 



1.1 



1.2 



1.4 



1.0 



A 
B 

C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
I) 

A 
B 
C 
D 

A 
B 
C 
D 



2.1 
L5 



2.2 
1.5 



2.0 
1.5 



2.1 
1.5 



3.3 
2.3 



3.8 
2.4 



3.5 
2.4 



3.4 
2.3 



3.5 
2.3 



4.0 
2.7 



3.5 
2.5 



36.4 
36.6 
37 2 
38.5 

36.7 
37.0 
37.5 
39.4 

37.6 
37.8 
3K.4 
39.8 

36.6 
36.8 
37.4 
38.9 

38.1 
38.5 
39.4 
4^9 

38.3 
38.9 
39.8 
42.0 

39.3 
39.7 
40.7 
43.3 

38.6 
39.0 
39.9 
42.3 

38.6 
39.1 
40.0 
42.7 

37.3 
37.8 
38.8 
40.2 

38.4 
38.8 
39.8 
41.4 



58.1 
58.4 
59.3 
6L5 

56.5 
56.8 
57.7 
6a6 

56.0 
57.1 
58.0 
60.2 

57.5 
57.8 
58.7 
61.1 

50.8 
51.3 
52.5 
57.1 

52.8 
53.6 
&I.9 
58.0 

51.4 
52.0 
53.3 
56.7 

52.7 
53.3 
54.6 
57.7 

5L9 
52.5 
53.8 
57.3 

55.3 
56.1 
57.7 

54.4 
54.9 
5A. 3 
58.6 



3.4 
3.5 
3.6 



4.6 
4.7 

4.8 



3.5 
3.6 
3.6 



3.83 
3.85 
3.91 



7.8 
7.9 
8.1 



5.1 
5.1 
5.3 



5.8 
5.9 
6.0 



5.3 
5.4 
5.5 



6.03 
6.10 
6.25 



3.4 
3.4 
3.5 



3.7 
3.8 
3.9 



0.86 
.87 
.88 
.91 

.n 

.78 
.79 
.83 

.81 
.81 
.83 
.86 

.77 
.77 
.79 
.82 

1.00 
1.01 
1.03 
1.12 

1.37 
1.30 
1.42 
1.90 

1.05 
1.06 
1.09 
L16 

1.12 
1.13 
1.16 
1.23 

L13 
L14 
1.17 
1.25 

.64 
.65 
.67 
.69 

.75 
.76 

.78 
.81 



6.50 
5.46 
5.37 
5.50 



6.55 
5.49 
5.35 
5.71 



79.71 
80.20 
81.44 
84.75 



75.95 

76.88 
78.66 
83.91 



1.02 
1.93 
1.96 
2.04 



1.70 
1.72 
1.76 
1.88 



8.27 
7.79 
6.53 
6.80 



9.64 
8.67 
6.81 
7.25 



7,986 
8,036 
8,160 
8,455 

7.875 
7,930 
8,055 
8,456 

7,986 
8.025 
8,145 
8,450 

7,960 
8,010 
8,135 
8,465 

7,345 
7,425 
7,600 
8,265 

7,535 
7,645 
7,830 
8,270 

7,475 
7,560 
7,745 
8,240 

7,485 
7,570 
7,750 
8,200 

7,450 
7,540 
7,715 
8,230 

7,700 
7,810 
8,020 
8,310 

7,700 
7,775 
7,980 
8,300 



14,380 
14,460 
14,680 
15,220 

14,170 
14,2n) 
14,500 
15,220 

14,370 
14,450 
14,660 
15,210 

14,330 
14,420 
14,640 
15,240 

13,220 
13,370 
13,680 
14,880 

13,560 
13,770 
14,100 
14.880 

13,460 
13,610 
13.940 
14,840 

13,480 
13,630 
13,050 
14,760 

13,410 
13,570 
13,890 
14,820 

13,860 
14,050 
14,440 
14,960 

13,860 
13.990 
14,360 
14,940 



r I 
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Labora- 
tory No. 



Air- 
drying 
loss. 



21679 



21659 



21660 



21661 



21662 



21663 



21664 



21668 



21669 



21670 



21671 



21672 



21665 



21666 



21667 



12 



1.2 



1.3 



1.1 



1.2 



1.2 



2.2 



1.3 



1.2 



1.4 



Proximate. 



Form 

of 
anal- 
ysis. 



1.2 



.6 



.3 



.4 



A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 



Ultimate. 



Mois- 
tare. 



3.7 
2.5 



3.6 
2.4 



3.4 

2.2 



3.5 
2.4 



3.3 
2.2 



3.4 
2.2 



4.7 
2.6 



3.5 
2.2 



3.4 
2.2 



3.7 
2.3 



3.2 
2.3 



3.5 
2.3 



2.1 
1.6 



1.7 
1.4 



1.9 
1.5 



Vola- 
tile 


Fixed 


mat- 
ter. 


car- 
bon. 


37.6 


55.3 


38.0 


56.0 


38.9 


57.5 


40.4 


59.6 


38.4 


53.7 


38.9 


54.3 


39.8 


55.7 


41.7 


58.3 


37.7 


51.7 


38.2 


52.3 


39.0 


53.6 


42.2 


57.8 


38.8 


52.7 


39.3 


53.3 


40.2 


54.6 


42.4 


57.6 


38.8 


50.9 


39.2 


51.5 


40.1 


52.6 


43.3 


56.7 


38.4 


52.4 


38.9 


63.0 


39.8 


54.2 


42.3 


57.7 


37.5 


54.0 


38.3 


55.2 


39.3 


56.7 


41.0 


59.0 


39.3 


52.2 


39.9 


52.8 


40.8 


54.0 


43.0 


57.0 


37.8 


50.6 


38.3 


51.2 


30.2 


52.3 


42.8 


57.2 


38.1 


53.3 


38.6 


54.1 


39.5 


55.4 


41.6 


58.4 


39.2 


51.9 


39.6 


52.4 


40.5 


53.6 


43.1 


56.9 


38.5 


52.2 


38.9 


52.9 


39.9 


54.1 


42.4 


57.6 


37.1 


56.4 


37.3 


66.7 


37.9 


57.6 


39.7 


60.3 


38.2 


56.2 


38.3 


56.4 


38.8 


67.2 


40.4 


50.6 


37.7 


56.3 


37.8 


56.6 


38.4 


57.4 


40.1 


59.9 



Ash. 



4.3 
4.4 
4.5 



7.2 
7.3 
7.4 



5.0 
5.0 
6.2 



7.0 
7.1 
7.3 



5. 82 
5. 89 
6.02 



3.8 
S.9 
4.0 



4.9 
5.0 
5.1 



5.7 
5.7 
5.9 



5.84 
5.91 
6.05 



4.4 
4.4 

4.5 



3.9 
3.9 
4.0 



5.0 
5.1 
5.2 


8.2 
8.3 
8.5 



4.09 


4.11 


4.17 



Sul- 
phur. 



3.46 


0.70 


3.50 


.71 


3.59 


.73 




.76 



1.01 
L02 
1.05 
1.10 

1.34 
1.36 
1.39 
1.50 



30 
31 



1.35 
1.42 



14 
15 
18 
27 



1.22 
L23 
1.26 
1.34 

.69 
.71 
.72 
.75 

1.18 
1.20 
1.22 
1.29 

1.00 
1.01 
1.03 
1.13 

.87 
.P8 
.90 
.95 

1.10 
1.11 
1.14 
1.21 

1.00 
1.01 
1.04 
1.11 

1.47 
1.48 
1.50 
1.57 

.85 
.85 
.87 
.91 

1.23 
1.24 
1 ?■> 
l.iO 



ny. 

dro- 
gen. 



5.54 
5.48 
5.33 
5.53 



5.53 
5.46 
5.32 
5.66 



5.57 
5.51 
5.38 
5.73 



5.49 
5.46 
5.37 
.''i.OO 



Car- 
bon. 



77.92 
78.86 
80.91 
83.92 



75.36 
76.26 
78.00 
83.00 



75.01 
75.93 
77.70 
82.71 



79.27 
79.61 

80.85 
84.37 



Nitro- 
gen. 



1.61 
1.63 
1.67 
1.73 



1.77 
1.79 
1.83 
1.96 



1.74 
1.76 
1.80 
1.92 



1.94 
1.95 
1.98 
2.07 



Oxy- 
gon. 



10.77 
9.82 
7.77 
8.06 



10.30 
9.37 
7.57 
8.05 



10.84 
9.88 
8.03 
8.53 



7.98 
7.63 
6.38 
6.66 



Heating value. 



Calo- 
ries. 



7,710 
7.800 
8,005 
8,305 

7,610 
7,700 
7,895 
8,265 

7,355 
7,450 
7,620 
8,225 

7,600 
7,685 
7,875 
8,305 

7,385 
7.470 
7,640 
8,240 

7,500 
7,585 
7,760 
8,255 

7,555 
7., 720 
7,930 
8,255 

7,566 
7,665 
7,840 
8,270 

7,200 
7,375 
7,545 
8,245 

7,570 
7,675 
7,860 
8,280 

7,525 
7,595 
7,775 
8,260 

7,485 
7.580 
7,755 
8.255 

7,825 
7,865 
7,990 
8.365 

7,900 
7.925 
8,040 
8,375 

7,875 
7,910 
8,035 
8,385 



Brit- 
ish 

ther- 
mal 

units. 



13.8S0 
14,040 
14,410 
14,9o0 

13,090 
13,860 
14,210 
14,8^0 

13,240 
13.410 
13, 710 

14,810 

13,680 
13.840 
14,180 
14,950 

13.290 
13,440 
13,750 
14,830 

13,500 
13,660 
13,970 
14.860 

13,600 
13,900 
14,270 
14,860 

13,630 
13,800 
14,120 
14,880 

13,130 
13,280 
13,580 
14,850 

13,630 
13 820 
14,150 

14, goo 

13,550 
13.680 
14,000 
14,860 

13,4«0 
13,»>«) 
13,960 
14,860 

14,080 
14,160 
14.380 
15,060 

14,220 
14,270 
14,470 
15,080 

14,180 
14,240 
14,461) 
15,090 
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OAXPBSLL OOUVTT--€ontlnaMl. 



Labora- 
toryNo. 



21673 



21674 



21673 



21676 



21687 



21688 



21680 



21600 



21601 



21603 



21603 



21604 



21695 



21606 



21607 





Fonn 

of 
anal- 
ysis. 


Proximate. 






Ultimate. 






Air- 
drying 
loos. 


Mob- 
turd. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


dro- 
Sen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


0.6 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 


2.1 
1.6 

2.3 
1.6 

2.3 

1.6 

2.3 
1.6 

4.4 
2.7 

4.2 
2.5 

4.3 
2.5 

3.0 
2.3 

3.8 
2.1 

3.9 
2.3 

3.9 
2.3 

4.2 
2.5 

4.4 
2.4 

4.0 
2.5 

4.6 
2.0 


37.2 
37.4 
38.0 
39.7 

36.7 
36.9 
37.5 
39.2 

36.7 
37.0 
37.6 
39.4 

36.7 
36.9 
37.5 
39.2 

36.7 
37.4 
38.4 
40.1 

37.5 
38.2 
39.2 
40.3 

37.1 
37.8 
38.8 
40.3 

38.9 
39.6 
40.5 
41.3 

39.2 
39.9 
40.8 
41.7 

38.8 
39.4 
40.3 
41.1 

38.8 
39.5 
40.4 
41.3 

36.3 
36.9 
37.9 
39.1 

36.0 
36.7 
37.6 
38.8 

37.5 
38.2 
39.1 
40.3 

36.3 
37.0 
3«.0 
39.5 


56.5 
66.8 
67.7 
60.3 

56.8 
67.2 
58.2 
60.8 

66.5 
66.9 
67.9 
60.6 

56.8 
67.3 
58.2 
60.8 

54.8 
65.8 
57.4 
69.9 

65.5 
66.5 
67.9 
59.7 

65.1 
66.1 
57.5 
69.7 

55.2 
56.1 
57.5 
58.7 

54.7 
55.7 
56.9 
58.3 

55.5 
56.4 
57.8 
58.9 

65.2 
56.1 
57.4 
58.7 

56.5 
57.6 
59.0 
60.9 

56.6 
57.8 
59.3 
61.2 

55.7 
56.5 
58.0 
59.7 

55.6 
5<(.8 
6S.3 
60.5 


4.2 
4.2 
4.3 


0.82 
.83 

.84 
.88 

1.06 
1.07 
1.08 
1.13 

.87 
.88 
.89 
.93 

.02 
.93 
.94 
.08 

1.35 
1.37 
1.41 
1.47 

.98 
1.00 
1.02 
1.05 

1.19 
1.21 
1.24 
1.29 

.79 
.80 
.82 

.84 

.89 
.91 
.93 
.95 

.80 
.81 
.83 
.85 

.86 
.87 
.90 
.92 

.64 

.65 
.67 
.69 

.69 
.70 
.72 
.74 

.76 
.77 
.79 

.81 

.74 

.76 
.78 
.81 








































.7 


4.2 
4.3 
4.3 








































.7 


4.6 
4.5 
4.6 








































.7 


4.16 
4.19 
4.26 


6.61 

6.48 
5.40 
6.64 


70.20 
79.73 
81.05 
84.65 


1.87 
1.88 
1.91 
1.99 


8.34 
7.79 
6.44 
6.74 


1.8 


4.1 
4.1 
4.2 
































1.8 


2.8 
2.8 
2.9 








































1.8 


3.62 
3. 59 
3.68 


5.62 
5.53 
5.37 
5.58 


76.72 
78.14 
80.16 
83.22 


1.84 

1.87 
1.92 
1.00 


11.11 
9.66 
7.63 
7.92 


1.7 


2.0 
2.0 
2.0 
































1.7 


2.3 
2.3 
2.3 








































1.6 


1.8 
1.9 
1.9 






























, 










1.7 


2.07 
2.11 
2.16 


6.75 
6.66 
6.53 
6.05 


78.49 
79.82 
81.72 
83.53 


1.95 
1.98 
2.03 
2.07 


10.88 
9.r,6 
7.(i6 
7.83 


L8 


3.0 
3.0 
3.1 
































2.0 


3.0 
3.1 
3.1 








































1.6 


2.8 
2.8 
2.9 








































20 


3.5 
3.6 
3.7 
































• • ■ 


1 • • • 











Heating value. 



Calo- 
ries. 



000 
950 
075 
436 

870 
926 
055 
420 

S70 
925 
056 
440 

885 
935 
070 
426 

490 

625 
835 
185 

635 
775 
970 
210 

585 
730 
925 
230 

776 
910 
095 
265 

770 
905 
075 
270 

795 
920 
106 
265 

880 
910 
100 
280 

626 
760 
960 
215 

576 
7J0 
925 
180 

640 
760 
960 
200 

540 
696 
905 
206 



BriU 
ish 
ther- 
mal 
units. 



14,220 
14,310 
14,530 
15,100 

14,170 
14,270 
14,500 
15,160 

14,160 
14,260 
14,500 
15,100 

14,100 
14,290 
14,520 
15,170 

13,480 
13,730 
14, 110 
14,730 

13,740 
13,990 
14,350 
14,780 

13,660 
13,910 
14,270 
14,810 

14,000 
14,240 
14,580 
14,880 

13,960 
14,230 
14,540 
14,890 

14,090 

14,250 
14,500 
14,870 

14,000 
14,240 
14.580 
14,900 

13,720 
13,970 
14,330 
14,700 

13,640 
13,910 
14,260 
14,730 

13,760 
13,970 
14,330 
14,760 

13,570 
13,860 
14,230 
14,770 
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Labora- 
tory No. 



21606 



21609 



21700 



21701 



21702 



21703 



21802 



21803 



21804 



21805 



21806 



21807 



21806 



21800 



21810 



Air- 
drying 
loss. 



1.0 



L3 



LO 



1.1 



LI 



LI 



2.2 



L6 



2.1 



2.0 



1.6 



1.6 



1.2 



L5 



L6 



Form 

of 
anal* 
ysis. 



A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 



Proximate. 



Ultimate. 



Mois- 
ture. 



4.3 
2.5 



3.2 
1.9 



3.0 
2.0 



3.3 
2.3 



3.2 
2.2 



3.1 
2.0 



4.4 

2.2 



3.7 
2.2 



4.2 
2.2 



4.1 

2.1 



3.7 
2.1 



3.6 
2.0 



3.4 
2.2 



3.8 
2.3 



3.6 
2.2 



Vola- 
tUe 

mat- 
ter. 



36.7 
37.4 
38.4 
30.6 

37.5 
38.0 
38.8 
40.0 

37.8 
38.2 
30.0 
40.4 

37.1 
37.5 
38.4 
30.0 

37.5 
37.0 
38.8 
30.0 

37.4 
37.8 
38.6 
30.0 

38.0 
38.8 
30.7 
40.8 

30.0 
80.6 
40.5 
41.6 

38.7 
30.5 
40.4 
41.1 

38.6 
30.3 
40.2 
41.2 

37.0 
38.5 
30.3 
41.3 

38.8 
30.4 
40.2 
41.0 

30.2 
30.7 
40.6 
42.5 

37.0 
38.5 
30.4 
4L4 

38.7 
30.3 
40.2 
42.0 



Fixed 
oar- 
boa. 



55.0 
56.0 
58.4 
60.4 

56.3 
57.1 
58.1 
60.0 

55.8 
56.4 
57.5 
50.6 

55.0 
56.5 
57.8 
60.1 

56.6 
57.2 
58.5 
60.1 

56.3 
56.0 
58.1 
60.1 

55.1 
56.4 
57.7 
50.2 

54.8 
56.7 
56.0 
68.4 

56.6 
56.7 
58.0 
58.0 

55.1 
56.3 
57.5 
58.8 

63.8 
54.7 
55.0 
58.7 

53.0 
54.8 
65.0 
58.1 

63.2 
53.8 
65.0 
67.5 

63.7 
64.5 
55.8 
58.6 

63.4 
64.2 
65.4 
68.0 



Ash. 



3.00 
3.15 
3.23 



3.0 
3.0 
3.1 



3.4 
3.4 
3.6 



3.7 
3.7 
3.8 



2.7 
2.7 
2.7 



3.23 
3.27 
3.33 



2.5 
2.6 
2.6 



2.6 
2.5 
2.6 



L6 
1.6 
1.6 



2.22 
2.26 
2.31 



4.6 
4.7 
4.8 



3.7 
3.8 
3.0 



4.2 
4.3 
4.4 



4.6 
4.7 
4.8 



4.20 
4.35 
4.45 



Sul- 
phur. 



0.71 
.72 
.74 
.76 

1.13 
L14 
L17 
L21 

.78 
.70 
.80 
.83 

1.40 
1.51 
1.64 
1.60 

.80 
.90 
.02 
.05 

1.04 
1.05 
1.07 
LU 

.69 
.71 
.72 
.74 

.68 
.69 
.71 
.74 

.68 
.69 
.71 
.72 

.72 
.73 
.75 
.77 

2.23 
2.27 
2.32 
2.44 

1.50 
1.52 
1.50 
L62 

1.72 
1.74 
1.78 
1.86 

2.12 
2.15 
2.20 
2.31 

1.88 
1.91 
1.95 
2.04 



dn>- 
gen. 



6.68 
6.47 
6.33 
5.51 



5.62 
5.56 
6.44 
6.63 



5.87 
5.70 
5.55 
5.78 



5.78 
6.70 
6.58 
6.84 



Car- 
bon. 



77.38 
78.84 
80.88 
63.68 



78.56 
70.44 
81.00 
83.88 



77.87 
70.44 
81.16 
83.06 



76.49 
77.62 
79.37 
83.07 



Nitro- 
gen. 



1.93 
1.07 
2.02 
2.09 



Oxy- 
gen. 



1L31 
9.85 
7.80 
8.06 



1.96 
1.98 
2.02 
2.09 



2.01 
2.05 
2.10 
2.15 



9.59 
8.70 
7.05 
7.29 



11.31 
0.76 
8.03 
6.22 



1.06 
1.00 
2.03 
2.12 



0.60 
8.43 
6.62 
6.93 



Heating value. 



Calo- 
ries. 



7,595 
7,740 
7,940 
8,205 

7,790 
7,890 
8,045 
6,300 

7,820 
7,905 
6,060 
6,365 

7,685 
7,770 
7,950 
6,260 

7.635 
7,920 
6,095 
6,325 

7,765 
7,^0 
6,035 
6,310 

7,720 
7,895 
6,075 
8,295 

7,766 
7,880 
6,055 
8,270 

7,820 
7,990 
8,165 
8,305 

7,766 
7,920 
8,005 
6,285 

7,505 
7,720 
7,885 
6,280 

7,650 
7,770 
7,930 
8,250 

7,655 
7,745 
7,920 
8,265 

7,565 
7,685 
7,865 
8,260 

7,625 
7,740 
7,915 
8,285 



Brltr 
ish 

ther- 
mal 

units. 



13,670 
13,990 
14,290 
14,770 

14,030 

14,200 
14,480 
14,940 

14,080 
14,230 
14,510 
15,040 

13,830 
13, »» 
14,310 
14,870 

14,100 
14,250 
14,570 
14,990 

14,010 
14.170 
14,470 
14,900 

13,900 
14,210 
14,540 
14,930 

13,960 

14, ISO 
14,500 
14,»90 

14,0S0 
14,3«0 
14,700 
14,950 

13,9Nn 

14, aw 

14.570 

i4,9ao 

13,670 
13,^90 
14,2C10 
14,910 

13.770 
13, 9») 
14,2Sf» 
14,S50 

13,7S0 

13,lM0 
14,2eO 
14,910 

13,620 
13,830 

u,m 

14,870 

13,730 
13,930 
U,250 
14,910 



ANALYSES OF COAL SAMPLES. 



343 



TBNNE88EB — Continued. 



OAMPBXLL OOmrTT-Contlnoed. 



toryNo. 


Air- 
drying 
loss. 


31811 


1.8 


21813 


1.8 


31813 


L7 


21814 


1.7 


31821 


2.8 


21X22 


1.8 


21R23 


1.9 


21824 


2.2 


21825 


2.1 


21826 


2.0 


21827 


1.5 


21828 


2.5 


21829 


1.4 


21830 


1.8 


31831 


2.2 



Form 

of 
ftiml- 
ysis. 



A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 

D 

A 
B 
C 
D 



Piozlmato. 



Ultimata. 



Mois- 
ture. 



Volar 
tile 

mat- 
ter. 



4.3 


39.0 


2.6 


39.6 




40.7 




42.0 


4.6 


37.9 


2.8 


38.6 




39.7 




40.2 


4.4 


38.4 


2.8 


39.1 




40.2 




40.8 


4.4 


38.4 


2.7 


39.1 




40.2 




40.9 


4.9 


39.1 


2.1 


40.3 




41.2 




43.0 


4.0 


39.6 


2.1 


40.4 




41.3 




43.6 


4.1 


39.3 


2.2 


40.1 




41.0 




43.0 


4.2 


39.7 


2.1 


40.6 




41.4 




43.6 


4.1 


37.1 


2.1 


37.8 




38.6 




40.2 


3.9 


36.0 


1.9 


36. 8 




37.5 




40.3 


3.4 


38.1 


1.9 


as. 7 




39.5 




41.4 


4.3 


37.3 


1.8 


38.3 




39.0 




41.4 


3.3 


38.3 


1.9 


38.8 




39.0 




41.6 


3.6 


37.9 


1.8 


38.7 




39.4 




41.4 


4.5 


36.0 


2.4 


36.8 




37.7 


••■•■•• 


38.7 



Fixed 
car- 
bon. 



53.8 
54.8 
56.2 
58.0 

56.3 
57.3 
59.0 
50.8 

55.7 
56.0 
58.3 
59.2 

55.3 
56.3 
57.9 
50.1 

51.9 
53.4 
54.5 
57.0 

51.2 
52.2 
53.3 
56.4 

52.2 
53.2 
54.4 
57.0 

51.5 
52.6 
53.8 
56.6 

55.0 
56.2 
57.4 

Ov. o 

53.5 
54.6 
65.7 
59.7 

54.1 
54.9 
66.0 
58.6 



52.8 
54.2 
55.2 
58.6 



53 
54 



55.6 
58.4 

53.6 
54.6 
55.6 
58.6 

57.0 
58.3 
59.7 
61.3 



Ash. 



2.9 
3.0 
3.1 



1.2 
1.3 
1.3 



1.5 
1.6 
1.5 


1.86 
1.89 
1.95 


4.1 
4.2 
4.3 



5.2 
5.3 
5.4 



4.4 

4.5 
4.6 



4.58 
4.68 
4.78 



3.8 
3.9 
4.0 



6.6 
6.7 
6.8 



4.4 

4.5 
4.5 



5.6 
5.7 
5.8 



4.7 

4.8 
4.8 



4.85 
4.94 
5.03 



2.5 
2.5 
2.6 



Sul- 
phur. 



1.41 
1.44 
1.47 
1.52 

.75 
.76 
.79 
.80 

.86 
.87 
.90 
.01 

1.04 
1.06 
1.09 
LU 

2.22 
2.28 
2.33 
2.44 

L45 
1.48 
1.51 
1.60 

1.76 
1.79 
1.83 
1.92 

1.79 
1.83 

1.87 
1.96 

1.25 
1.28 
1.30 
1.35 

1.44 

1.47 
1.50 
1.61 

1.81 
1.84 
1.87 
1.96 

2.50 
2.56 
2.61 
2.77 

1.16 
1.18 
1.20 
1.26 

1.82 
1.85 
1.89 
1.99 

1.08 
1.10 
1.13 
1.16 



dro- 
gen. 



5.94 
5.85 
5.70 
5.81 



5.79 
5.67 
5.56 
5.84 



5.65 
5.55 
5.45 
5.74 



Car- 
bon. 



Nitro- 
gen. 



78.89 
80.20 
82.56 
84.19 



1.99 
2.03 
2.08 
2.12 



74.74 
76. 41 
78.07 
81.99 



1.94 
1.96 
2.03 
2.13 



Oxy- 
gen. 



10.28 
8.89 
6.63 
6.77 



11.16 
9.43 
7.69 
8.08 



76.08 
77.48 
78.92 
83.10 



1.90 
1.93 
1.97 
2.07 



9.70 
8.25 
6.74 
7.10 



Heating value. 



Calo- 
ries. 



7,685 
7,825 
8,030 
8,285 

7,795 
7,935 
8,165 
8,275 

7,800 
7,930 
8,165 
8,290 

7,745 
7,880 
8,105 
8,265 

7,520 
7,735 
7,905 
8,265 

7,530 
7,670 
7,840 

8,285 

7,595 
7,740 
7,915 
8,290 

7,555 
7,?25 
7,800 
8,285 

7,640 
7,800 

7,9Ci5 
8,300 

7,405 
7,555 
7,705 
8,270 

7,675 
7,790 
7,945 
8,320 

7,500 
7,695 
7,835 
8,320 

7,655 
7.765 
7,920 
8,320 

7,595 
7,735 
7,880 
8,295 

7,640 
7,810 
8,000 
8,215 



Brit- 
ish 

ther- 
mal 

units. 



3,840 
4,090 
4,460 
4,910 

4,090 
4,280 
4,700 
4,890 

4,040 
4,280 
4,690 
4,920 

13,940 

'4,190 

4,590 

4,880 

3,530 
3,930 
4,230 
4,880 

3,560 
3,810 
4.110 
4,920 

3.670 
3,930 
4,250 
4,920 

3,600 
3,9(10 
4,200 
4,920 

3,750 
4,040 
4,340 
4,940 

3,330 
3,600 
3,870 
4,890 

3,820 
4,020 
4,300 
4,970 

3,500 
3,850 
4,100 
4,970 

3,780 
3,980 
4,250 
4,980 

3,670 
3,990 
4,180 
4,940 

3,750 
4,060 
4,400 
4,790 



I 
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TENNESSEE— Continued. 
CAMFBSUi COmrTY— Oontiiiaad. 



LaborBp 
toryNo. 



21832 



21833 



21834 



21835 



21836 



21837 



21838 



21839 



21840 



21841 



21842 



21843 



21853 



21854 



21855 



Air- 

drying 

loin. 



2.0 



2.3 



2.4 



2.2 



2.0 



2.2 



2.1 



2.1 



1.8 



1.9 



2.0 



1.9 



1.7 



1.0 



1.3 



Form 

of 
anal 
ysls. 



Proximate. 



Ultimate. 



Mois- 
ture. 



A 


4.5 


B 


2.6 


C 




D 




A 


4.8 


B 


2.6 


C 




D 




A 


4.8 


B 


2.4 


C 




D 




A 


4.7 


B 


2.5 


C 




D 




A 


4.4 


B 


2.4 


C 




D 




A 


4.5 


B 


2.4 


C 




D 




A 


4.6 


B 


2.5 


C 




D 




A 


4.3 


B 


2.2 


C 




D 




A 


3.8 


B 


2.0 


C 




D 




A 


3.7' 


B 


1.8 


C 




D 




A 


3.8 


B 


1.8 


C 




D 




A 


3.0 


B 


2.0 


C 




D 




A 


3.5 


B 


1.8 


C 




D 




A 


2.9 


B 


1.9 


C 




D 




A 


3.3 


B 


2.0 


C 




D 





Volap 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


37.7 


65.7 


2.1 


0.75 


38.5 


56.8 


2.1 


.77 


39.5 


58.3 


2.2 


.79 


40.4 


59.6 




.81 


36.6 


55.3 


3.3 


1.41 


37.5 


56.5 


3.4 


1.44 


38.5 


58.0 


3.5 


1.48 


39.9 


60.1 




1.53 


38.1 


53.0 


4.1 


2.01 


39.1 


54.3 


4.2 


2.06 


40.0 


56.7 


4.3 


2.11 


41.8 


58.2 




2.20 


36.8 


56.3 


3.16 


1.36 


37.7 


56.6 


3.23 


1.30 


38.0 


58.1 


3.32 


1.43 


40.0 


60.0 




1.48 


39.6 


53.7 


2.3 


1.00 


40.5 


64.8 


2.3 


1.02 


41.5 


56.2 


2.3 


1.06 


42.5 


57.5 




1.08 


38.4 


55.3 


1.8 


.86 


39.3 


56.5 


1.8 


.88 


40.2 


57.9 


1.9 


.90 


41.0 


59.0 




.92 


38.9 


54.5 


2.05 


.95 


39.8 


56.6 


2.09 


.97 


40.8 


57.1 


2.15 


1.00 


41.7 


58.3 




1.02 


38.2 


55.5 


2.0 


.97 


39.0 


56.8 


2.0 


.99 


39.9 


58.0 


2.1 


1.01 


40.7 


59.3 




1.03 


38.4 


55.7 


2.1 


.92 


39.2 


56.7 


2.1 


.94 


40.0 


57.9 


2.1 


.90 


40.8 


59.2 




.98 


38.6 


54.4 


3.3 


1.27 


39.3 


55.5 


3.4 


1.29 


40.0 


56.5 


3.5 


1.32 


41.5 


68.5 




1.37 


37.8 


54.0 


3.5 


1.16 


38.6 


56.0 


3.6 


1.18 


30.3 


57.0 


3.7 


1.20 


40.8 


59.2 




1.26 


38.0 


55.2 


2.92 


1.09 


38.8 


56.2 


2.98 


1.11 


39.6 


67.4 


3.04 


1.13 


40.8 


50.2 




1.17 


36.8 


56.6 


3.1 


.79 


37.4 


57.6 


3.2 


.80 


38.1 


58.6 


3.3 


.82 


39.4 


60.6 




.85 


36.8 


57.1 


3.2 


.82 


37.2 


57.7 


3.2 


.83 


37.9 


58.8 


3.3 


.84 


39.2 


60.8 




.87 


36.7 


57.2 


2.8 


.86 


37.2 


57.9 


2.9 


.87 


38.0 


50.1 


2.9 


.SO 


39.1 


60.9 




.92 



dro- 
gen. 



5.78 
5.65 
5.52 
5.71 



5.96 
5.85 
6.71 

6.84 



Car- 
bon. 



Nitro- 
gen. 



76.39 
78.12 
80.16 
82.90 



77.04 
78.68 
80.72 
82.50 



6.76 
5.66 
6.64 
6.71 



77.23 

78.72 
80.34 
82.86 



2.00 
2.05 
2.10 
2.17 



1.96 
2.00 
2.05 
2.09 



Oxy- 
gen. 



11.31 
9.66 
7.48 
7.74 



12.04 

10.41 

8.37 

8.55 



1.97 
2.01 
2.06 
2.11 



11.03 
9.62 
7.90 
8.15 



Heating value. 



Calo- 
ries. 



7,740 
7,890 
8,100 
8,280 

7,585 
7,760 
7,965 
8,260 

7,495 
7,685 
7,870 
8,226 

7,600 
7,770 
7,975 
8,245 

7,640 
7,796 
7,990 
8,186 

7,666 
7,835 
8,0M 
8,176 

7,665 
7,830 
8,030 
8,205 

7,735 
7,900 
8,080 
8,256 

7,765 
7,910 
8,075 
8,250 

7,660 
7,810 
7,056 
8,240 

7,640 
7,795 
7.940 
8,245 

7,685 
7,835 
7,995 
8,245 

7,825 
7,960 
8,110 
8,385 

7,870 
7,946 
8,100 
8,375 

7,840 
7,945 
8,105 
8,345 



Brit- 
ish 

ther- 
mal 

units. 



13,930 
14,210 
14,5S0 
14,900 

13,650 
13,970 
14,340 
14,8d0 

13,500 
13,S30 
14, 170 
14,810 

13, 6W 
14,000 
14,350 
14,840 

13,750 
14,040 
14,380 
14,730 

13,790 
14,100 
14,440 
14, 720 

13.S00 
14,090 
14,450 
14,770 

13,930 
14,220 
14,550 
14.S60 

13,970 
14,230 
14,530 
14,850 

13,790 
14,«i0 
14,320 
H.NOO 

13,750 
14,030 
14,290 
14,840 

13, MO 
14,100 

14, 1W 
14,S50 

14,090 
14,330 
14,000 
15,090 

14,160 

H.ano 

14, 5K) 
15, 0:0 

14,110 
14.300 

15,020 
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Air- 
drying 


Form 

of 
anal- 

ysls. 


Proximate. 


Ultimate. 


Heating value. 


Labon- 
uiry No. 


Mois- 
ture. 


Vola- 
tUe 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 

0.87 
.88 
.90 
.93 

.81 
.82 
.85 
.87 

.88 
.89 
.92 
.94 

.85 
.86 
.89 
.91 

1.06 
1.08 
1.11 
1.13 

.95 

.96 

.99 

1.01 

.93 

.94 

.97 

1.00 

1.00 
1.02 
1.05 
L07 

.85 
.87 
.90 
.93 

.96 

.98 

1.02 

1.04 

.89 
.91 
.94 
.90 

.87 
.89 
.91 
.93 

.77 
.78 
.80 
.81 

.79 
.81 

.83 
.84 

.81 
.82 

.85 

.87 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


l'!856 


1.3 
1.5 
1.4 
1.5 
2.0 
1.4 
1.3 
1.6 
2.0 
2.1 
2.0 
2.5 
1.8 
2.1 
L8 


A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 

C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 

D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 


3.2 

1.9 

....... 

4.4 

2.9 

4.3 
2.9 

4.4 

2.9 

4.9 
2.9 

4.4 

3.0 

4.2 
2.9 

4.4 

2.8 

5.1 
3.2 

6.7 
3.7 

5.4 
3.5 

4.8 
2.4 

4.2 
2.5 

4.5 
2.4 

5.1 
3.4 

■■••••• 


36.8 
37.3 
38.1 
39.3 

37.7 
38.3 
39.4 
40.3 

38.7 
39.2 
40.4 
41.2 

38.0 
38.5 
39.7 
40.5 

39.6 
40.4 
41.6 
42.4 

39.6 
40.2 
41.4 
42.2 

39.8 
40.3 
41.5 
42.6 

39.6 
40.2 
41.4 
42.3 

37.7 
38.4 
30.7 
41.1 

36.7 
37.5 
39.0 
39.7 

37.5 
38.2 
39.6 
40.6 

37.0 
37.9 
38.8 
39.5 

38.4 
39.0 
40.0 
40.8 

37.8 
38.6 
39.6 
40.3 

37.0 
37.7 
39.0 
39.7 


66.9 
57.6 

68.7 
60.7 

55.8 
56.7 
58.4 
50.7 

55.3 
56.1 

57.8 
58.8 

55.7 
56.6 
58.3 
50.5 

53.7 
54.8 
56.5 
57.6 

54.1 
54.9 
56.6 
57.8 

53.6 
54.3 
55.9 
57.4 

64.0 
64.9 
56.5 
67.7 

54.1 
55.2 
57.0 
58.9 

55.9 
57.1 
59.2 
60.3 

54.7 
55.9 
57.9 
69,4 

56.5 
57.9 
59.4 
60.5 

55.7 
56.7 
58.2 
59.2 

66.0 
67.3 
58.7 
59.7 

56.2 
57.2 
59.2 
60.3 


3.11 
3.15 
3.21 


6.59 
6.52 
6.40 
5.68 


78.83 
79.88 
81.46 
84.16 


1.99 
2.02 
2.06 
2.13 


0.61 

8.55 
6.97 
7.20 


7,845 
7,950 
8,110 
8,375 

7,665 
7,790 
8,020 
8,195 

7,710 

7,8i:o 

8,a55 
8,200 

7,710 
7,8.30 
8.065 
8,230 

7,615 
7,770 
8,010 
8,165 

7,645 
7,755 
8,000 
8,160 

7,610 
7,715 
7,945 
8,150 

7,625 
7,745 
7,975 
8,150 

7,430 

7,580 
7,830 
8,095 

7,505 
7,665 
7.9,W 
8,100 

7,465 
7,020 
7,895 
8,100 

7,705 
7,900 
8,005 
8,245 

7,740 
7,880 
8,080 
8,225 

7,725 
7.890 
8,090 
8,230 

7,640 
7,780 
8,055 
8,200 


14,120 
14,310 
14,590 
15,080 

13,800 
14,020 
14,440 
14,760 


21871 


2.1 
2.1 
2.2 
































21872 


1.7 
1.8 
1.8 










13,870 
14,080 




■ .«•■■• 


















14,500 












14,760 

13,880 
14,090 
14,520 
14,820 


21S73 


1.02 
1.95 
2.01 


5.79 
5.71 
5.54 
5.65 


77.67 

78.84 
81.24 
82.91 


2.12 
2.15 
2.22 
2.27 


11.65 

10.49 

8.10 

8.26 


21924 


1.8 
1.9 
1.9 


13. 710 












13,990 












14,410 
14,600 

13,770 
13,960 
14,400 
14,690 

13,700 












21925 


1.9 
1.9 
2.0 








































21926 


2.4 
3.5 
2.6 




















13,890 
14,300 






















14,670 

13,720 
13,940 
14,350 
14,670 

13,370 


21927 

ft 


2.04 
2.07 
3.13 


5.81 
5.72 
5.56 
5.68 


76.45 
77.69 
79.97 
81.71 


2.01 
2.04 
2.10 
2.15 


12.69 

11.46 

9.19 

9.39 


21928 


3.1 
3.2 
3.3 












13,640 












14,090 












14,570 
13, 610 


219';3) 


1.7 
1.7 
1.8 




















13.790 












n,320 












11,580 


21«'0 


2.44 
2.39 
2.53 


5.76 
5.65 
6.45 
6.59 


75.22 
76.77 
79,52 
81.59 


1.99 
2.03 
2.10 
2.15 


13. 75 

12.20 

9.46 

9.71 


13,440 
13,720 
14,210 
14,580 

13,870 


21931 


1.7 
1.8 
1.8 












14,220 












14,570 










14,850 

13,930 
14,180 


21932 


1.7 
1.8 
L8 























1 






14,540 












14,810 

13,900 
14,200 
14,560 
14,820 

13,760 
14,000 
14, .500 


21933 


1.66 
L70 
1.74 


5.81 
5.69 
5.56 
5.66 


78.47 
80.17 
82.18 
83.63 


2.06 
2.10 
2.16 
2.20 


11.21 
9.53 
7.53 
7,67 


21996 


1.7 
L7 
1.8 












1 








• • • . 


• « ■ 




1 




14,760 
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TBNNESSEB— <;k>ntiiiued. 
OAMFBSLL COTnTTY— Cantinued. 



Labora- 
tory No. 






21997 



21998 



ZlvvV 



22000 



22001 



22002 



22003 



22004 



22006 



22006 



22007 



22008 



22009 



32010 



22011 



Air- 
drying 
loss. 



0.5 



1.3 



1.9 



1.7 



2.3 



1.7 



2.0 



1.0 



.9 



1.0 



1.0 



1.7 



2.1 



2.5 



2.1 



Form 

of 
anal- 
ysis. 



Proximate. 



Ultimate. 



Mois- 
ture. 



A 


1.5 


B 


1.0 


C 




D 




A 


4.6 


B 


3.4 


c 




D 




A 


5.2 


6 


3.4 


C 




D 




A 


4.6 


B 


3.0 


C 




D 




A 


6.5 


B 


3.3 


C 




D 




A 


6.1 


B 


3.4 


C 




D 




A 


5.2 


B 


3.2 


C 




D 




A 


3.1 


B 


2.1 


C 




D 




A 


3.2 


B 


2.3 


C 




D 




A 


3.0 


B 


2.0 


C 




D 




A 


3.2 


B 


2.3 


C 




D 




A 


4.2 


B 


2.5 


C 




D 




A 


4.5 


B 


2.5 


C 




D 




A 


5.0 


B 


2.5 


C 




D 




A 


4.6 


B 


2.5 


C 




D 





Vola- 
tile 

mat- 
ter. 



45.1 
45.3 
45.7 
56.9 

39.2 
39.7 
41.1 
42.1 

37.8 
38.5 
39.9 
40.9 

38.5 
39.1 
40.3 
42.1 

38.0 
38.9 
40.2 
41.1 



38.7 
39.4 
40.8 
41.5 



38, 
38 
40 
41 



37.6 
38.0 
38.8 
41.5 

37.4 
37.7 
38.6 
41.2 

38.1 
38.5 
39.3 
41.6 

37.6 
37.9 
38.8 
41.3 

37.3 
38.0 
38.9 
41.4 

37.9 
38.7 



39. 
41. 

36. 
37. 
38. 
40. 



36.8 
37.6 
38.6 
40.7 



Fixed 
car- 
bon. 



34.1 
34.3 
34.7 
43.1 

53.9 
54.6 
56.5 
67.9 

54.6 
55.7 
57.6 
50.1 

53.0 
63.9 
55.5 
57.9 

54.4 
65.6 
67.5 
58.9 

54.6 
65.6 
67.5 
58.5 

54.8 
55.9 
57.8 
59.0 

53.0 
53.5 
54.7 
58.5 

53.4 
63.9 
55.1 
58.8 

53.5 
54.0 
55.1 
58.4 

53.3 
53.8 
65.1 
68.7 

52.9 
63.8 
65.2 
58.6 

63.9 
65.0 
56.4 
58.7 

53.4 
54.8 
66.2 
69.5 

63.7 
54.9 
56.3 
fiW. 3 



Ash. 



19.3 
19.4 
19.6 



2.3 
2.3 
2.4 



2.4 
2.4 
2.6 



3.9 
4.0 
4.2 



2.1 
2.2 
2.3 



1.6 
1.6 
1.7 



1.92 
1.96 
2.03 



6.3 
6.4 
6.6 



6.0 
6.1 
6.3 



6.4 

5.5 
6.6 



6.93 
6.99 
6.13 



5.6 
6.7 
5.9 



3.7 
3.8 
3.9 



5.2 
5.4 
6.6 



4.88 
4.98 
6.11 



Sal- 
phur. 



1.16 
1.17 
1.18 
1.47 

1.20 
1.22 
1.26 
1.29 

.91 
.93 
.96 
.98 

1.11 
1.13 
1.16 
1.21 

.81 
.83 
.86 
• oo 

.85 
.87 
.90 
.92 

.83 
.85 
.88 
.90 

2.24 

2.26 
2.31 
2.47 

1.73 
1.75 
1.79 
1.91 

1.49 
1.50 
1.54 
1.63 

1.85 
1.87 
1.91 
2.03 

.85 
.86 
.89 
.95 

.80 
.82 
.84 
.87 

.83 
.85 
.87 
.92 

.83 
.85 
.87 
.92 



dro- 
gen. 



589 
6.79 
6.60 
6.72 



5. 52 
5.46 
5.33 
5.66 



5.57 
6.45 
6.30 
5.50 



Car- 
bon. 



76.34 
77.80 
80.52 
82.19 



75.25 
75.97 
77.75 
82.83 



Nitro- 
gen. 



2.10 
2.14 
2.21 
2.26 



1.96 
1.98 
2.03 
2.16 



75.69 
77.20 
79.20 
83.47 



1.77 
1.81 
1.85 
1.96 



Oxy- 
gen. 



12.92 

11.37 

8.76 

8.93 



9.49 
8.73 
6.85 
7.30 



11.36 
0.71 
7.67 
8.07 



Heating ▼alue. 



Calo- 
ries. 



6,855 
6,885 
6,9<;0 
8,655 

7,600 
7,685 
7,955 
8,145 

7,550 
7,695 
7,965 
8,170 

7,485 
7,615 
7,850 
8,190 

7,585 
7,760 
8,025 
8,210 

7,055 
7,790 
8,065 
8,205 

7,625 
7,780 
8,045 
8,210 

7,455 
7,530 
7,605 
8,235 

7,460 
7,530 
7,710 
8,220 

7,535 
7,605 
7,765 
8,225 

7,485 
7,560 
7,736 
8,240 

7,440 
7,565 
7,765 
8,250 

7,586 
7,745 
7,945 
8,270 

7,415 
7.605 
7,805 
8,260 

7,490 
7,650 
7,850 
8,275 



Brit- 
ish 

ther- 
mal 
units. 



12,»40 
12,400 
12,530 
15,5S0 

13,660 
13,840 
14,320 
14,660 

13,500 
13,850 
14.340 
14,700 

13,480 
13,700 
14,130 
14,740 

13,650 
13.900 
14,440 
14,780 

13,780 

u.o-jo 

14,520 
14,770 

13,730 
14,010 
14,4S0 
14,780 

13,420 
13,550 
13,850 
14,820 

13,430 
13,550 
13.S«0 
14,800 

13,560 
13, (SO 
13,980 
14,810 

13.480 
13,610 
13,930 
14,830 

13.390 
13,620 

13.ft» 
14,850 

13,660 
13,950 
14,3(10 
14,880 

13,350 
13, tW 
14,050 
14,870 

13,490 

13, 770 

14, 1» 
14>0 
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TKNNEB8EB — Ck)ntinued . 



CAMPBELL OOUVTT-ContintMd. 





Air- 
dry !ng 
loss. 


Fonn 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating value. 


toiyNo. 


ICois. 
tuxe. 


Vola. 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


8ul- 
pliur. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


23012 


1.1 

l.Q 
1.1 
1.6 
2.3 
1.9 
L2 
1.6 
1.4 
1.6 
1.9 
1.6 
1.7 
1.3 
1.5 


A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
•B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
I) 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 


3.5 
2.4 

3.6 
2.6 

3.6 
2.4 

4.3 

2.8 

5.2 
3.0 

4.6 

2.8 

4.0 
2.8 

4.0 
2.4 

3.9 

2.6 

3.2 

1.7 

3.6 
1.8 

3.5 
1.9 

3.5 
1.9 

3.6 
2.4 

3.8 
2.3 


39.1 
39.6 
40.6 
41.5 

39.8 
40.2 
41.3 
42.1 

39.7 
40.2 
41.2 
42.1 

38.8 

38.9 
40.0 
40.7 

37.3 

38.2 
39.3 
40.4 

3&0 
38.7 
39.8 
40.7 

38.4 

sao 

40.0 
40.8 

39.5 
40.2 
41.2 
42.3 

39.1 
89.6 
40.7 
41.7 

36.7 
37.3 
37.9 
43.1 

37.0 
37.7 
38.4 
43.5 

37.1 
37.7 
38.5 
43.8 

36.6 
37.2 
37.9 
43.1 

37.9 
38.3 
39.3 
41.5 

38.4 
39.0 
39.9 
42.5 


55.3 
65.9 
67.2 
68.5 

U.7 
65.3 
66.8 
67.9 

64.7 
65.3 

66.7 
67.9 

65.6 
66.6 
58.2 
59.3 

65.0 
66.2 
68.0 
69.6 

65.3 
66.3 
68.0 
09.3 

65.6 
66.3 
67.9 
69.2 

63.9 
64.7 
56.1 
67.7 

64.7 
65.5 
66.9 
68.3 

48.5 
49.2 
50.1 
66.9 

48.0 
48.9 
49.8 
56.5 

47.5 
48.3 
49.2 
56.2 

48.4 

49.2 
50.1 
66.9 

53.4 
54.1 

55.4 
58.5 

51.9 
62.7 
64.0 
67.5 


2.1 
2.1 
2.2 


1.03 
1.04 
1.07 
LOO 

.96 

.97 

1.00 

L02 

1.03 
1.04 
1.07 
1.09 

1.11 
1.13 
1.16 
L18 

L30 
1.33 
1.37 
L41 

1.19 
1.21 
1.25 
L28 

1.01 
1.02 
1.05 
L07 

.96 

.98 

1.00 

1.03 

.06 

.97 

1.00 

1.02 

2.78 
2.83 
2.87 
3.26 

2.92 
2.98 
3.03 
3.43 

2.86 
2.91 
2.96 
3.37 

2.80 
2.85 
2.90 
3.29 

.91 
.92 
.94 
. w 

1.14 
L16 
1.19 
L27 










7,855 
7,945 
8,140 
8,320 

7,850 
7,930 
8,145 
8,306 

7,875 
7,960 
8,160 
8,340 

7,806 
7,925 
8,165 
8,310 

7,660 
7,825 
8,070 
8,290 

7,705 
7,855 
8,080 
8,266 

7,796 
7,895 
8,120 
8,290 

7,780 
7,905 
«,100 
8,330 

7,775 
7,885 
8,090 
8,290 

6,965 
7,100 
7,220 
8,205 

7,010 
7,140 
7,270 
8,240 

6.950 
7,065 
7,205 
8,215 

6,995 
7,115 
7,250 
8,235 

7,640 
7,635 
7.820 
8,260 

7,470 
7,685 
7,765 
8,275 


14,140 
14,300 






















14,650 
14,980 












22013 


1.9 
1.9 
1.9 










14,130 
14,280 
14,660 
14,950 

14,180 
14,330 
14,600 
15.010 
































aiu 


2.06 
2.08 
2.13 


6.77 
5.71 
5.58 
6.70 


78.70 
79.55 
81.56 
83^34 


2.00 
2.02 
2.07 
2.12 


10.44 
9.60 
7.59 
7.76 


22015 


1.8 
1.8 
L8 


14,050 
14,270 






















14,680 
14,950 

13,770 












22016 


2.5 
2.6 
2.7 




















14,090 












14.520 












14,920 

13,870 
14, 140 
14,550 
14,880 

14,040 


22017 


2.13 
2.17 
2.23 


5.72 
5.62 
5.45 
5.57 


77.51 
79.02 
81.28 
83.13 


2.01 
2.05 
2.11 
2.16 


11.44 
9.93 
7.68 
7,86 


22018 


2.0 
2.0 
2.1 












14,210 












14,610 












14,920 
14,010 


22019 


2.6 
2.7 
2.7 




















14,230 












14,580 












14,900 

13,990 
14,190 
14,560 
14,920 

12,580 


22020 


2.32 
2.3o 
2.41 


6.77 
5.70 
6.55 
5.69 


78.03 
79. 13 
81.21 
83.22 


2.10 
2.13 
2.19 
2.24 


10.82 
9.72 
7.64 
7.83 


22021 


11.6 
11.8 
12.0 












12,780 












13,000 












14,770 

12,620 
12,860 


22022 


11.4 
11.6 
11.8 




























>••■•■ 


13,090 
14,830 

12,510 
12,720 
12,970 












22023 


11.9 
12.1 
12.3 








































14,780 

12,590 
12,810 
13,050 
14,830 

13,570 
13,740 
14,080 
14,860 

13,440 
13, 650 


22024 


11.54 
11.74 
11.96 


6.17 
6.07 
4.96 
6.62 


60.81 
71.01 
72.37 
82.20 


L30 
1.32 
1.35 
1.53 


9.38 
8.01 
6.47 
7.36 


22025 


5.1 
6.2 
6.3 
































220E26 


5.9 
6.0 
6.1 














' 














13,980 
14,900 




■ • • « 


> • ■ • 











348 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1915, PABT XL 

TENNESSEE — Continued. 

OAMPBEXX COX7HTT— ContlntMd. 





Air- 

drying 

loss. 


Furiu 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating valae. 


Labonk 
toryNo. 


Hob- 
tun. 


Vola- 
tile 
mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


dro- 
sen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
sen. 


Calo- 
ries. 


Brit- 
hh 

ther- 
mal 

units. 


22027 


1.4 
1.4 
2.0 
2.0 
2.4 
2.0 


A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 


3.7 

2.3 

3.4 
2.0 

4.1 
2.1 

4.1 
2.1 

4.4 

2.1 

4.0 
2.1 


38.0 
38.5 
39.5 
41.9 

39.0 
39.6 
40.4 
44.2 

36.9 
37.7 
38.5 
43.4 

36.2 
36.9 
37.7 
43.2 

35.7 
36.6 
37.3 
42.7 

37.1 
37.8 
38.6 
43.5 


52.7 
.53.5 
54.7 
58.1 

49.2 
49.9 
51.0 
55.8 

48.2 
49.2 
50.2 
56.6 

47.6 
48.6 
49.7 
56.8 

47.8 
49.0 
50.1 
57.3 

4ai 

49.0 
50.1 
56.5 


5.58 
5.66 
5.79 


1.00 
1.01 
1.04 
1.10 

2.35 
2.38 
2.43 
2.66 

2.39 
2.44 
2.49 
2.81 

3.66 
3.73 
3.82 
4.37 

2.22 
2.27 
2.32 
2.65 

2.65 
2.70 
2.76 
3.11 


5.52 
5.45 
5.31 
5.64 


75.52 
76.58 
78.41 
83.23 


1.75 
L77 
1.82 
L93 


10.63 
9.53 
7.63 
&10 


7,505 
7,615 
7.795 
8,275 

7,295 
7,405 
7,555 
8.270 


13,510 
13,700 
14,030 
14.890 


22028 


8.4 
8.5 
8.6 


13,140 












13,330 

l3,6no 






















22029 


10.8 
11.0 
11.3 










7,025 12.650 












7,170 12.910 
7,325 13. ISO 
8,255 1 U,m 

6.850 12.330 






















22030 


12.1 
12.4 
12.6 




















6,990 l?-r>.SQ 












7,145 
8,180 

6,850 
7,015 
7,165 
8,196 

7,020 
7,160 
7,315 
8,245 


12.H70 












14,730 

12,330 
12,630 


22031 


12.1 
12.3 
12.6 






























12, »» 
14,760 












22032 


10.84 
11.06 
11.29 


5.27 
5.15 
6.03 
5.67 


70.32 
71.22 
73.25 
82,57 


1.42 
L45 
1.48 
1.67 


9.50 
1L92 
6.19 
6.98 


12.640 
12, RW 
U,17U 
14,840 







CLAXBOBHS COTHfTY. 



21844 


1.5 


A 


3.0 


36.7 


53.9 


6.4 






B 


1.6 


37.2 


54.7 


6.5 






C 




37.9 


55.5 


6.6 






D 




40.5 


59.5 




21845 


1.6 


A 


3.2 


37.3 


55.5 


4.0 






B 


1.6 


37.9 


56.4 


4.1 






C 




38.5 


57.4 


4.1 






D 




40.2 


59.8 




21846 


• 1.3 


A 


2.9 


3&7 


54.8 


3.6 






B 


1.6 


39.3 


55.5 


3.6 






C 




39.9 


56.4 


3.7 






D 




41.4 


58.6 




21847 


1.4 


A 


3.0 


37.2 


o5.4 


4.4 






B 


1.6 


37.7 


56.2 


4.5 






C 




38.4 


57.1 


4.5 






D 




40.2 


59.8 




21848 


1.5 


A 


3.1 


37.1 


55.3 


4.50 






B 


1.6 


37.7 


56.1 


4.57 






C 




38.3 


57.1 


4.64 






D 




40.2 


59.8 




21849 


1.4 


A 


3.1 


36.4 


57.9 


2.6 






B 


1.7 


36.9 


58.7 


2.7 






C 




37.5 


59.8 


2.7 






D 




38.6 


61.4 




L'1H50 


1.4 


A 


2.9 


37.5 


53.1 


6.5 






B 


1.5 


38.0 


53.9 


6.6 






C 




38.6 


54.7 


6.7 






D 




41.4 


58.6 




21W1 


1.4 


A 


3.1 


36.9 


57.4 


2.6 






B 


1.7 


37.4 


58.2 


2.7 






C 




38. 1 


59.2 


2.7 






D 




39.1 


60.9 





1.77 
1.80 
1.83 
1.96 

1.05 
1.07 
1.08 
1.13 

1.48 
1.60 
1.52 
1.58 

1.34 
1.36 
1.38 
1.45 



1.39 5.58 

1.41 5.50 

1.43 5.41 

1.60 5.67 

.60 
.70 
.71 
.73 

2.20 
2.23 
2.27 
2.43 

.78 
.79 
.80 
.82 



n.24 

78.38 
79.70 
83.58 



1.99 
2.0^ 
2.05 
2.15 



9.30 
8L12 
6w77 
7.10 



7,520 
7,630 
7,755 
8,305 

7,755 
7,885 
8,005 
8,350 

7,795 
7,900 
8,030 
8,335 

7,740 
7,850 
7,985 
8,360 

7,710 
7,820 
7.955 
8,340 

7,880 
7,990 
8,130 
8,360 

7,570 
7,675 
7,795 
8,355 

7.900 
8,010 
8,150 
8,380 



13.540 
13,740 
13,060 
14,950 

13,960 
14, IW 
14,410 
15,030 

14,040 
14;2'J0 
14,4m 
15,010 

13,930 
14, 130 
14,370 
15,030 

13.870 

i4.osn 

15,010 
14.190 

14,:wo 

14,631} 
15,040 

13.620 
13,820 

14,o:» 

15,040 

14.220 
14.420 
14.670 
16,090 
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TBNNB88BB — Gontiiiued. 

OUOBOBn OOirHTT--ContinuML 



Ubon- 
UryNo. 



2U52 



21887 



21868 



a[1850 



21860 



tl861 



21862 



21863 



21864 



21865 



21866 



218G7 



2l8ri8 



21869 



21870 



Air- 
drying 
loss. 



hi 



1.S 



1.4 



1.4 



L3 



1.4 



1.4 



1.1 



1.1 



1.5 



1.3 



1.5 



1.2 



1.0 



1.2 



Fonn 

of 
anal- 
ysis. 



A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 

C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 



ProodmAte. 



Mois- 
ture. 



3.0 
1.6 



3.3 
1.8 



3.2 

1.8 



3.2 

1.8 



3.0 

1.8 



3.2 
1.8 


3.2 

1.8 


3.0 
2.0 


2.0 
1.9 


3.4 

1.9 


3.1 
1.9 


3.2 

1.8 


3.0 
1.8 


2.8 
1.8 



2.9 
1.7 



Vola- 
tile 

mat^ 
ter. 



37.2 
37.7 
38.3 
39.9 

37.8 
38.4 
39.1 
41.1 

38.3 
38.0 
39.6 
4a7 

30.4 
30.9 
40.7 
42.0 

38.4 
38.9 
39.6 
40.9 

38.3 
38.9 
39.6 
41.0 

37.5 
38.0 
38.7 
39.8 

38.1 
38.5 
39.3 
41.1 

37.9 
38.3 
39.0 
40.3 

37.7 
38.3 
39.0 
40.6 

37.8 
38.3 
39.1 
40.5 

37.2 
37.7 
38.4 
39.4 

38.9 
39.4 
40.1 
41.6 

36.4 
36.8 
37.5 
38.9 

37.7 
38.2 

38. 8 
40.2 



Fixed 
car- 
bon. 



6&.9 
56l7 
57.6 
60.1 

54.3 
55.1 
56.1 
58.9 

55.8 
56.6 
57.7 
59.3 

54.4 
55.2 
56.2 
58.0 

55.5 
56.2 
57.2 
50. 1 

55.1 
55.9 
56.9 
69.0 

66.7 
57.5 
58.6 
60.2 

54.6 
55.2 
56.3 
58.9 

66.1 
5(6.7 
57.8 
59.7 

55.1 
56.0 
57.1 
59.4 

55.7 
66.4 
57.4 
50.5 

57.1 
57.9 
50.0 
60.6 

54.6 
55.3 
56.3 
58.4 

57.1 
57.7 

58.8 
61.1 

56.2 

5(i.8 
67.9 
69.8 



Ultimate. 



Heating value. 



Ash. 



3.94 
4.00 
4.06 



4.6 
4.7 

4.8 



2.7 
2.7 

2.7 



3.0 
3.1 
3.1 



3.1 
3.1 
3.2 



3.43 
3.38 
3.49 



2.6 
2.7 
2.7 



4.3 


4.3 


4.4 



3.1 
3.1 
3.2 



3.8 
3.8 
3.9 



3.39 
3.43 
3.60 



2.5 
2.6 
2.6 



3.5 
3.5 
3.6 



3.7 
3.7 
3.7 



3.22 

3.215 
3.32 



Sol- 
phur. 



1.16 
1.18 
1.20 
1.25 

1.15 
1.17 
1.19 
1.25 

1.06 
1.06 
1.10 
1.13 

1.31 
1.33 
1.35 
1.39 

1.25 
1.27 
1.29 
1.33 

1.19 
1.21 
1.23 
1.27 

.67 

Ays 

.69 
.71 

1.72 
1.74 
1.77 
1.85 

.69 
.70 
.71 
.73 

1.54 
1.56 
1.69 
1.65 

1.19 
1.21 
1.23 
1.27 

.89 
.90 
.92 
.94 

.90 
.01 
.93 

.96 

1.01 
1.02 
1.04 
1.08 

.90 
.91 
.93 

.96 



dro- 
gen. 



5.56 
5.49 
5.39 
5.62 



Car- 
boa. 



78.50 
79.60 
80.02 
84.34 



5.G6 78.10 
5. 69 I 79. 20 
5.48 ' 80.65 
5.(8 I 83.57 



5.62 
5.65 
5.44 
5.64 



78.49 
79.50 
81.02 
83.96 



5. CO 
5.54 
5.44 
5.63 



79.10 
80.07 
81.50 
84.30 



Nitro- 
gen. 



1.93 
1.96 
1.99 
2.07 



1.94 
1.97 
2.00 
2.07 



1.99 
2.02 
2.05 
2.12 



1.96 
1.98 
2.02 
2.09 



Oxy- 
gen. 



8.91 

7.77 
6.44 
6.72 






9.73 
8.60 
7.15 
7.41 



9.32 
8.29 
6.76 
7.01 



9.22 
8.24 
6.79 
7.02 



Calo- 
ries. 



7,790 
7,900 
8.030 
8,370 

7.600 
7,805 
7,955 
8,350 

7,875 
7,990 
8,140 
8,370 

7,860 
7,970 
8,120 
8,380 

7,860 
7,960 
8,106 
8,370 

7,815 
7,925 
8,070 
8,360 

7,935 
8,050 
8,195 
8,425 

7,770 
7,855 
8,010 
8,380 

7,900 
7,990 
8,140 
8,405 

7,775 
7,895 
8,050 
8,375 

7,840 
7,940 
8,095 
8,385 

7,910 
8,025 
8,175 
8,390 

7,845 
7,940 
8,086 
8,385 

7,825 
7,900 
8,050 
8,365 

7,865 
7,9()5 
8.ia=i 
8,385 



Brit- 
ish 
ther- 
mal 
units. 



14, 
H, 
15, 

13. 
H. 

15, 

14, 

Hi 
15, 

Hi 
14> 
14, 
15, 

If 

14 
14 

15) 

14 

14 

1< 

15; 

14) 
14, 

14, 
15, 

13, 
14, 
14, 
15, 

14, 

14, 

14, 
15, 

14, 
14 
14, 
15; 

14 

14 
14 
15, 

14, 
14 
14 
15, 

14, 
14, 
14, 
16, 

14 
14 
14 
15, 

14, 
14 
14 
15 



020 
220 
460 
070 

840 
050 
320 
030 

180 
380 
650 
070 

150 
360 
620 
090 

150 
330 
590 
070 

070 
270 
530 
050 

290 
490 
750 
170 

990 
140 
420 
060 

220 
380 
660 
130 

000 
210 
490 
060 

110 
300 
570 
100 

240 
460 
710 
100 

120 
290 
550 
090 

090 
220 
490 
0()0 

160 
330 
590 
090 
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TBNNE8SEB— Continued. 
CUOBOBnS OOinrTT-~Contiinied. 



Lftbora- 
UryNo. 



22087 



22088 



2200O 



22001 



22007 



22126 



22099 



22100 



22101 



22102 



2210B 



22104 



22106 



Air- 
drying 
loss. 



2.2 



1.6 



1.3 



1.1 



1.5 



1.2 



1.1 



1.1 



1.1 



1.1 



1.1 



1.2 



1.6 



1.2 



1.8 



Form 

of 
anal- 

jTSiS. 



A 

B 
C 
D 

A 

B 

C 
D 

A 
B 
C 
D 

A 
B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



Praxiniate. 



intlmftte. 



Mois- 
tore. 



3.9 
1.8 



3.4 
1.9 



3.2 
1.9 



2.9 

1.8 


3.3 
1.8 


3.1 
1.9 


3.1 
2.0 


3.0 
1.9 

• 


2.9 

1.8 


3.3 
2.2 


3.3 
2.3 


3.4 
X3 


3.5 
2.0 


3.4 
2.3 


3.4 
1.7 



Volar 
tfle 

maU 
ter. 



39.7 
4a6 
41.3 
42.7 

38.9 
39.6 
4a 2 
41.6 

40.2 
4a8 
41.6 
42.2 

4ao 

40.4 
41.1 
42.6 

39.9 
4a 6 
41.2 
42.5 

36.9 
37.3 
38.0 
41.9 

38.2 
38.6 
39.4 
43.2 

37.1 
37.6 
38.3 
42.8 

37.6 
38.1 
38.8 
42.9 

36.2 
36.6 
37.4 
4a9 

34.5 
34.9 
35.7 
39.3 

33.9 
34.2 
35.0 
39.9 

36.5 
37.0 
37.8 
41.2 

35.5 
35.9 
36.7 
40.6 

38.6 
39.3 
39.9 
43.3 



Fixed 
car- 
bon. 



63.3 
64.4 
65.4 

67.3 

64.6 
55.3 

56.4 
68.4 



66.1 
66.8 
56.9 
67.8 


64.1 
64.8 
65.8 
67.5 


64.0 
64.9 
55.9 
67.6 


61.0 
61.7 
52.7 
58.1 


5a2 

50.8 
51.8 
56.8 


49.7 
50.2 
61.2 
57.2 


50.2 
50.7 
51.6 
67.1 


52.3 
52.9 
64.1 
69.1 


53.2 
53.7 
55.0 
60.7 


51.1 
51.7 
52.9 
60.1 


52.0 
52.9 
53.9 
6&8 


51.9 
52.5 
53.7 
59.4 


50.5 
51.4 
52.3 
56.7 



Ash. 



3.1 
3.2 
3.3 



Sul- 
phur. 



3.2 
3.3 
3.4 



1.5 
1.6 
1.6 



3.0 
3.0 
3.1 



2.77 
2.81 
2.87 



9.0 
9.1 
9.3 



8.5 
8.0 
8.8 



ia2 
ia4 
ia5 



9.28 
9.38 
9.56 



&2 
8.3 
&5 


9.0 
9.1 
9.3 



11.6 
11.8 
12.1 



8.0 
8.1 
&3 



9.23 
9.34 
9.56 


7.5 
7.6 

7.8 



1.06 
1.10 
1.12 
1.16 

1.05 
1.07 
1.09 
1.13 

1.03 
1.04 
1.06 
1.08 

1.11 
1.12 
1.14 
1.18 

1.03 
1.05 
1.07 
1.10 

2.76 

2.78 
2.84 
3.12 

Z59 
2.62 
2.67 
2.93 

3.02 
3.05 
3.11 
3.48 

2.73 
2.76 
2.81 
3.11 

.94 

.95 

.97 

1.06 

.95 

.96 

.08 

1.08 

.88 

.89 

.91 

1.03 

.96 

.97 

« w 

1.08 

.95 

.96 

.98 

1.08 

2.61 
2. GO 
2.70 
2.ia 



dro- 
gm. 



Car- 
bon. 



Nitro- 
gen. 



6.86 
6.78 
6.68 
6.85 



6.53 
5.47 
5.37 
5.91 



5.61 
5.55 
5.41 
5.98 



70.29 
80.52 
82.03 
84.45 



72.66 
73.48 
74.83 
32.74 



72.51 
73.40 
75. 07 
83.00 



Oxy- 
gen. 



2.11 
2.14 
2.18 
2.24 



1.70 
1.72 
1.75 
1.03 



1.85 
1.87 
1.92 
2.12 



8.04 
7.70 
6.17 
6.36 



8.10 
7.10 
6.63 
6.28 



Oalo. 



0.85 
8.88 
7.06 
7.82 



7,830 
8,005 
8,150 
8,425 

7,885 
8,005 
8,160 
8,446 

8,060 
8,166 
8,325 
8,460 

7,040 
8,090 
8,180 
8,440 

7,040 
8,000 
8,215 
8,466 

7,255 
7,340 
7,485 
8,2S0 

7,315 
7,305 
7,545 
8,275 

7,140 
7,215 
7,360 
8,225 

7,245 
7.330 
7,465 
8,250 

7,335 
7.410 

7,585 
8,285 

7,230 
7,306 
7,480 
8,250 

6,065 
7,060 
7,210 
8,200 

7,320 
7,430 
7,580 
8,265 

7,216 

7,306 
7,470 
8,260 

7,385 
7,515 
7,645 
8,290 



Britr 
ish 

ther- 
mal 

units. 



14,100 
14.410 
14,670 
15,160 

14.190 
14.410 
14,600 
15.200 

14,500 

14,700 
14.990 
15,220 

14,300 
14.460 
14,720 
15,200 

14.290 

14,510 
14.790 
15,220 

13,060 
13,210 
13.470 
14,850 

13, 160 
13.310 
13,580 
14,890 

12.850 
12.990 
13,210 
14,810 

13.050 
13,190 
13,4.30 
14,!wO 

13.200 
13,340 
13,650 
14,910 

13.010 
13.150 
13,470 
14,850 

12,540 
12. (W) 
12,980 
14,780 

13,170 
13,380 
13,640 
14,880 

12,990 
13,150 
13.450 
14,870 

13.290 
13,630 
13,780 
14,920 
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TENNESSEE— Continued. 



OXiAIBOBn OOXnfTT— Contiiraed. 





Air- 

dryliig 
loss. 


Fonn 

of 
anal- 

ysfa. 




Ulttanate. 


Heatbig^vvltie. 


Lobon- 
lay No. 


Ifob- 
ture. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Aah. 


Bui- 
phur. 


dro* 
gen. 


Gar- 
ban. 


Nitro- 
gen. 


Oxy- 
gen. 


Calo. 
ries. 


BHt- 
ish 

ther- 
mal 

units. 


2nQ6 


1.6 
1.7 
1.7 
1.7 
1.6 
1.7 
1.6 
1.6 
2.5 
1.3 
1.2 
1.8 
1.7 
3.1 


A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 

D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 


3.4 
1.9 

3.6 
1.9 

8.8 
XI 

8.6 
1.9 

3.4 
1.9 

3.7 
2.0 

3.4 
2.0 

3.6 
2.0 

6.2 

2.8 

3.1 

1.8 

3.1 
1.9 

3.5 

1.8 

3.9 
2.2 

5.0 
1.9 


87.7 
38.3 
39.0 
4a8 

36.7 
37.4 
38.1 
40.5 

37.2 
37.9 
38.7 
4a5 

37.3 
38.0 
38.7 
40.7 

86.7 
37.3 
38.0 
4a9 

37.2 
37.9 
38.7 
41.4 

37.5 
38.0 
38.8 
41.3 

37.2 
37.8 
38.5 
41.3 

38.0 
39.0 
40.1 
40.9 

37.2 
37.7 
38.4 
40.6 

36.8 
37.3 
38.0 
41.0 

37.2 
37.9 
38.5 
40.4 

36.6 
37.3 
38.1 
40.0 

34.0 
35.1 
35.8 
39.9 


64.7 
65.6 
56.6 
69.2 

53.9 
54.8 
55.9 
59.5 

64.7 
55.7 
56.9 
50.6 

64.3 
55.2 
56.3 
59.3 

53.0 
53.8 
54.9 
59.1 

52.7 
53.6 
54.7 
58.6 

53.4 
54.2 
55.3 
58.7 

52.9 
53.7 
54.8 

58.7 

64.9 
56.3 
57.9 
59.1 

64.6 
55.3 
56.3 
59.4 

53.0 
53.6 
54.7 
69.0 

54.9 

55.8 
56.9 
59.6 

54.9 
55.8 
57.1 
60.0 

51.2 
52.8 
53.9 
60.1 


4.2 
4.3 
4.4 


1.13 
1.15 
1.17 
1.22 

ft. 61 
1.64 
1.67 
1.78 

1.18 
1.20 
1.23 
1.20 

1.35 
1.37 
1.40 
1.47 

.81 
.82 
.84 
.90 

.76 
.77 
.79 
.85 

.81 
.82 
.84 
.89 

.84 
.85 
.87 
.93 

.95 

.97 

1.00 

1.02 

1.34 
1.36 
1.38 
1.46 

1.45 
1.47 
1.50 
1.62 

.99 

.97 

1.01 

1.06 

1.19 
1.21 
1.24 
1.30 

1.20 
1.24 
1.26 
1.41 










7,686 
7,805 
7,960 
8,320 

7,550 
7,680 
7,825 
8,326 

7,650 
7,785 
7,955 
8,326 

7,616 
7,740 

7,895 
8,306 

7,466 
7,580 
7,725 
8,320 

7,460 
7,590 
7,750 
8,300 

7,545 
7,660 
7,810 
8,305 

7,475 
7,590 
7,745 
8,295 

7.650 
7.850 
8,075 
8,240 

7.645 
7,750 
7,890 
8,330 

7,475 
7,570 
7,720 
8,330 

7,660 
7,800 
7,940 
8,320 

7,605 
7.740 
7,910 
8,315 

7,080 
7,310 
7,450 
8,310 


13,830 












14,050 












14,320 












14,960 


22107 


6.8 
5.9 
6.0 










13,590 












13,820 












14,090 












14,900 
13,770 


22106 


4.3 
4.3 
4.4 




















14,020 












14,320 












14,990 


22109 


4.81 
4.89 
4.99 


5.64 
5.55 
5.44 
5.73 


76.33 
77.62 
79.14 
83.29 


1.60 
1.72 
1.75 
1.84 


iai8 

&85 
7.28 
7.67 


13,700 
13,940 
14,210 
14,960 

13,440 


22110 


6.9 
7.0 
7.1 












13,640 












13,910 












14,980 
13,480 


22111 


6.4 
6.6 
6.6 




















13,660 












13,950 












14,940 
13,890 


22112 


5.7 
5.8 
5.9 




















13,780 












14,060 












14,950 

13,460 
13,660 
13,940 
14,930 

13,770 


22113 


6.42 
6.52 
6.65 


6.62 
6.54 
5.42 

5.81 


75.19 
76.37 
77.93 
83.48 


1.91 
1.94 
1.98 
2.12 


iao2 

8.78 
7.15 
7.66 


22114 


1.9 
1.9 
2.0 












14,130 












14,530 












14,830 
13,770 


22115 


5.1 
5.2 
5.3 




















13,950 












14,200 












15,000 
13,460 


22116 


7.1 
7.2 
7.3 




















13,630 












13,890 












14,990 
13,790 


22117 


4.4 
4.5 
4.6 




















14,040 












14,290 












14,980 

13,090 
13,930 
14,240 
14,960 


22118 


4.64 
4.72 
4.88 


5.61 
5.51 
5.39 
5.66 


76.38 
77.71 
79.44 
83.48 


1.86 
1.90 
1.93 
2.08 


ia32 
8.95 
7.17 
7.53 


22119 


9.8 
10.2 
10.3 


12,740 












13,150 












13,410 




« « • « 


-1 










14,900 
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Alr- 

drylng 

loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating valoe. 


Labora- 
tory No. 


Molfv- 
ture. 


Vola- 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Bul- 
phnr. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 

gOtL 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


22120 


1.5 
1.9 
1.9 
1.7 
1.7 


A 

B 
C 
I) 

A 

R 
C 
I) 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 


3.5 
2.0 

3.9 
2.0 

3.7 
1.9 

3.5 
1.8 


37.9 
38.5 
39.3 
40.7 

87.3 
38.0 
38.8 
40.4 

37.2 
37.9 
3R.6 
40.6 

37.9 
38.6 
39.3 


55.3 
66.2 
57.3 
59.3 

65.2 
66.3 
57.4 
69.6 

54.6 
66.6 
66.7 
69.6 

66.4 
66.3 
57.4 


3.3 , 0.03 

3.3 .04 

3.4 .06 










7,806 
7,920 
8.085 
8,370 

7,730 
7,880 
8,040 
8,355 

7,695 
7,845 
7,990 
8,390 

7,835 
7,970 
8,120 
8,395 

7,765 
7,900 
8,055 
8,375 


14,060 
14,260 






















14,560 






.90 










15,060 
13,910 


22121 


3.6 
3.7 
3.8 


1.18 
1.19 
1.23 
1.28 

1.39 
1.42 
1.44 
1.51 

1.10 
1.12 
1.14 




















14,180 












14,470 












15,040 

13,860 
14,120 


22122 


4.6 

4.6 
4.7 






























14,390 
15,100 












22123 


3.2 
3.3 
8.8 










14,100 












14,340 
14.610 














1.18 










15,120 


22124 


3.6 
1.9 


37.3 
38.0 
38.7 
40.2 


65.5 
66.4 
57.6 
59.8 


3.63 
3.69 
3.77 


1.10 
1.12 
1.14 
1.18 


5.70 
5.61 
5.50 
5.72 


78.28 
79.66 
81.22 
84.40 


1.70 
1.73 
1.76 
1.83 


9.59 
8.19 
6.61 
6.87 


13,980 
14,220 
14,500 
15,070 











FSHTRZSB OOirVTT. 



200K2 



209K3 



209H4 



200S.5 



20986 



209^7 



2()ft^s 



209S0 



1.8 


A 


3.0 


37.3 


50.2 


9.5 




B 


1.2 


38.0 


51.1 


9.7 




C 


•«■•••■ 


38.5 


51.7 


9.8 




D 




42.6 


57.4 




1.0 


A 


2.8 


36.6 


51.8 


8.8 




B 


1.3 


37.2 


62.6 


8.9 




C 




37.7 


53.3 


9.0 




D 




41.4 


58.6 




1.4 


A 


2.5 


36.7 


50.4 


10.4 




B 


1.1 


37.2 


51.1 


10.6 




C 




37.6 


51.7 


10.7 




D 




42.1 


57.9 




1.0 


A 


2.8 


36.8 


50.7 


9.67 




B 


1.2 


37.5 


51.5 


9.83 




C 




37.9 


52.2 


9.95 




D 




42.1 


57.9 




1.6 


A 


2.7 


37.3 


50.2 


9.S 




B 


1.1 


37.9 


51.0 


10.0 




C 




38.3 


51.6 


10.1 




D 




42.6 


57.4 




1.8 


A 


3.0 


36.8 


50.0 


10.2 




B 


1.2 


37.5 


51.0 


10.3 




C 




38.0 


51.5 


10.5 




D 




42.4 


57.6 




2.0 


A 


3.1 


30.9 


49.7 


10.3 




B 


1.1 


37.6 


50.8 


10.5 




C 




38.1 


51.3 


10.6 




D 




42.6 


57.4 




1.9 


A 


3.1 


36.6 


50.1 


10.23 




B 


1.2 


37.3 


51.1 


10.43 




C 




37.7 


51.7 


10.56 




D 




42.2 


57.8 





2.76 








7,330 
7,460 
7,655 
8,376 

7,395 
7,515 
7,610 
8,360 

7,280 
7,385 
7,470 
8,365 

7,340 
7,460 
7,550 
8,385 

7,330 
7,445 
7,530 
8,375 

7,290 
7,425 
7,515 
8,390 

7,270 
7,415 
7,500 
8,390 

7,275 
7,415 
7,510 
8,395 


13,190 
13,430 
13,600 


2.81 










2.84 










3.15 










15,080 

13,310 
13,520 


2.97 










3.02 










3.06 










13,090 
15,050 


3.36 










3,27 










13,110 
13,300 
13,440 


3,32 










3.3.5 




1 




3 75 










15,050 


3.01 
3.06 
3.10 
3.44 

3.66 


5.44 
5.35 
5.28 
5.86 


72.68 
73.85 
74.75 
83.01 


1.44 
1.46 
1.48 
1.64 


7.76 
6.45 
6.44 
6.06 


13,220 
13,430 
13,590 
1.7,090 

13,190 


3.72 










13,410 


3.76 










13,550 


4.18 










15,080 


3 00 











13,120 


3.05 










13,3(i0 


3 09 










13,520 


3 45 


1 






15,100 


3.08 










13,090 


3.14 
3. IS 








13,350 






1 


13,500 


3.56 










15,110 


3.04 
3.10 
3.14 
3.51 


5.49 
5.38 
5.31 
5.94 


71.96 
73.35 
74.28 
83.05 


1.44 
1.47 
1.48 
1.65 


7.84 
6.27 
5.23 
5.85 


13,090 
13,350 
13,510 
15,110 
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O&UBDT OOUJiTT. 



Idwre- 
toryNo. 



223W 



22360 



AJr- 

drylng 

loss. 



L8 



1.4 



22361 I 1.7 



22362 



22363 



22364 



22371 



2.0 



2.4 



1.9 



2.8 



224(0 . 2.7 



224M I 2.1 



22406 



22379 



22380 



22381 



22382 



22372 



2.4 



1.8 



3.0 



1.7 



2.2 



2.5 



Form 

of 
anal- 
ysis. 



A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 



Pnudmato. 



Ultinyite. 



I 



Mois- 
ture. 



3.4 

1.7 



2.6 
1.3 



3.1 
1.4 



3.6 
1.6 



3.9 
1.6 



3.3 
1.4 



4.1 
1.3 



4.5 
1.9 



3.9 

1.8 



4.2 

1.9 



3.0 
1.2 



4.3 
1.4 



3.3 
1.6 



3.6 
1.5 



3.9 
1.6 



Vola^ 
tUe 
mat- 
ter. 



29.2 
29.8 
?0.3 
33.4 

31.8 
32.2 
32.6 
37.1 

31.8 
82.4 
32.8 
36.6 

28.7 

29.3 
29.8 
33.0 

27.5 
28.2 
28.6 
32.2 

29.8 
30.4 
30.9 
34.6 

28.4 
29.2 
29.6 
32.6 

29.1 
29.9 
30.5 
33.2 

29.5 
30.1 
30.7 
33.5 

29.1 
29.8 
30.4 
33.1 

31.7 
32.3 
32.7 
36.5 

28.3 
29.1 
29.5 
32.0 

30.1 
30.0 
31.1 
34.0 

29.8 
30.5 
30.9 
34.0 

30.7 
31.5 
32.0 
35.1 



Fixed 
car- 
boo. 



58.4 
59.4 
60.5 
66.6 

53.9 
54.7 
55.4 
62.9 

55.1 
56.1 
56.9 
63.4 

58.4 
59.6 
60.5 
67.0 

57.8 
59.3 
60.2 
67.8 

56.6 
57.7 
58.5 
65.4 

58.7 
60.4 
61.2 
67.4 

58.7 
60.3 
61.4 

66.8 

58.6 
59.9 
61.0 
66. 5 

58.9 
GO. 3 
61.5 
56.9 

55.1 
56.1 
56.8 
63.5 

60.1 
61.9 
62.8 
68.0 

58.3 
59.4 
60.3 
66.0 

57.9 
59.2 
GO.l 
66. 

56.7 
58.1 
59.0 
64.9 



Asb. 



9.0 
9.1 

9.2 



11.7 
11.8 
12.0 



10.0 
10.1 
10.3 



9.4 
9.6 
9.7 



10.8 
11.0 
11.2 



10.27 
10.47 
10.62 



8.8 
9.1 
9.2 



7.7 
7.9 
8.1 



8.0 
8.2 
8.3 



7.76 
7.95 
8.10 



10.2 
10.4 
10.5 



7.3 
7.6 

7.7 



8.3 
8.4 
8.6 



8.66 


8. 85 


8.99 


8.7 


8.0 


9.0 



BvHr 

phur. 



0.64 

.65 
.66 
.73 

3.71 
3.76 
3.81 
4.33 

1.99 
2.03 
2.05 
2.29 

.63 

.64 
.65 
.72 

.60 
.61 
.62 
.70 

1.52 
l.£5 
1.57 
1.76 

.55 
.57 
.57 
.63 

.63 
.65 
.66 
.72 

.56 
.57 
.58 
.63 

.59 
.00 
.62 
.67 

2.70 
2.75 
2.79 
3.12 

.61 
.63 
.64 
.69 

.86 
.88 
.89 
.97 

1.37 
1.40 
1.42 
1.56 

.77 
.79 
.80 
.88 



dro- 
gen. 



5.00 
4.88 
4.80 
5.37 



5.04 
4.»9 
4.77 
5.19 



Car- 
bon. 



Nitro- 
gen. 



Oxy- 
gen. 



73.88 
75.29 
76.38 
85.45 



75.26 
77.10 
78.59 
85.51 



4.97 
4.84 
4.74 
5.21 



75.16 
76.84 
78.00 
85.71 



1.38 
1.41 
1.43 
1.60 



1.54 
1.58 
1.61 
1.75 



1.49 
1.52 
1.55 
1.70 



7.95 
6.40 
5.20 
5.82 



9.81 
7.88 
6.31 
0.88 



8.35 
6.55 
5.30 

5.82 



Heating vBlne. 



Calo- 
ries. 



7,355 
7,485 
7,615 
8,390 

7,190 
7,290 
7,385 
8,390 

7,325 
7,455 
7,565 
8,430 

7,320 
7,470 
7,580 
8,400 

7,145 
7,325 
7,435 
8,375 

7,245 
7,385 
7,490 
8,380 

7,280 
7,495 
7,595 
8,360 

7,335 
7,535 
7,080 
8,350 

7,360 
7,515 
7,655 
8,350 

7,350 
7,630 
7,675 
8,350 

7,335 
7,475 
7,565 
8,460 

7,460 
7,090 
7,795 
8,445 

7,425 
7,555 
7,680 
8,395 

7,405 
7,570 
7,685 
8,445 

7,250 

7,435 

7,545 

' 8,295 



Brit- 
ish 

ther- 
mal 

units. 



13, 
13, 
13, 

15, 

12, 
13, 
13, 
15, 

13, 

13, 
13, 
15, 



240 
470 
710 
100 

940 

120 
290 
100 

190 
420 
610 
170 



170 

4cO 

3:^50 

120 



12, 
13, 

13, 
L5, 

13, 
13, 
13, 
15, 

13, 
13 
13 
15, 

13 
13 
13 
15, 

13 
13 

13 

15, 

13 
13 
13 
16 

13 
13 
13 

L5, 

13 
L3 

14 
15 

13 

13. 
13 
15 

13 
13 

13 

15 



860 
180 
380 
080 

040 
290 
480 
090 

110 
490 
670 
050 

200 
MO 
H20 
030 

240 
530 
780 
030 

230 
550 
H20 
030 

200 
4:0 
020 
220 

420 
840 
040 
200 

370 
600 
820 
120 

330 
630 
830 
200 



050 
3S0 
3.580 
14,980 
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Air- 
drying 
loss. 


Form 
of 

ysis. 


Prazimate. 


intimate. 


Heating value. 


Labora* 
toryNo. 


Moi». 
ture. 


Vola- 

tae 

mat- 
ter. 


Fixed 
car- 
bon. 


Aflh. 


Sol. 
phor. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy- 
gen. 


Oalo. 
ries. 


Brit- 
ish 
ther- 
mal 
units. 


22373 


1.9 
1.9 
2.2 
1.7 
1.6 
1.0 
1.5 
1.4 


A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 

D 

A 
B 
C 
D 

A 
B 
C 
D 


2.9 
1.1 

3.1 
1.2 

3.2 
1.1 

3.1 
1.4 

3.1 
1.6 

3.6 
1.6 

3.1 
1.6 

2.9 
1.4 


30.1 
30.7 
31.0 
34.2 

29.0 
29.5 
29.9 
33.0 

30.0 
30.7 
31.0 
34.5 

30.2 
30.7 
31.1 
35.6 

30.0 
30.5 
31.0 
34.3 

39.6 
39.9 
30.4 
35.0 

39.8 
30.3 
30.7 
34.3 

39.7 
30.2 
30.6 
34.5 


58.1 
59.2 
69.8 
65.8 

68.8 
60.0 
60.7 
67.0 

67.0 
58.2 
58.9 
65.5 

54.5 
55.5 
66.3 
64.4 

67.6 
58.5 
59.4 
65.7 

55.0 
55.5 
56.4 
66.0 

57.4 
58.3 
50.2 
65.8 

66.4 
57.2 
68.1 
65.5 


8.9 
9.0 
9.2 


0.72 
.73 
.74 

.81 

.82 

.84 
.85 
.04 

.79 

.81 
.82 
.91 

.87 

.89 

.90 

1.03 

1.16 
1.18 
1.20 
1.33 

1.18 
1.19 
1.21 
1.39 

1.02 
1.04 
1.05 
1.17 

1.10 
1.12 
1.13 
1.27 










7,360 
7,500 
7,580 
8,345 

7,390 
7; 530 
7,626 
8,430 

7,385 
7,445 
7,525 
8,375 

7,130 
7,345 
7,350 
8,410 

7,340 
7,455 
7,575 
8,375 

7,070 
7,140 
7,360 
8,360 

7,810 
7,430 
7,540 
8,385 

7,330 
7,326 
7,430 
8,380 


13,250 












13,500 












13,650 
15,020 

13,300 
13,560 












22374 


9.1 
9.3 
9.4 






























13,730 












15,150 


22375 


9.8 
10.0 
10.1 










13,110 
13,400 






















13,550 












15,080 

13,810 
13,040 


22383 


12.3 
13.4 
12.6 




















» 










13,230 
15,140 

13,210 












22384 


9.3 
9.4 
9.6 




















13,420 












13,640 
15,060 












23385 


12.8 
13.0 
13.2 










12,730 




• « • • • • 








12,850 












13,070 












15,OS0 
13,150 


22386 


9.7 

9.9 

10.1 




















13,350 












13,570 












15,090 

12,990 
13,180 
13,380 
15, UW) 


22387 


11.01 
11.17 
11.33 


4.76 
4.67 
4.57 
5.15 


73.30 
74.37 
75.47 
85.12 


1.53 
1.54 
1.56 
1.76 


8.31 
7.13 
5.94 
6.70 







EAMILTOV COUNTY. 



22160 



23161 



1.9 



1.7 



22163 


1.9 


33163 


1.6 

• 


22164 


1.7 


22187 


2.6 



A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 

D 



2.8 
.9 



2.6 
1.0 


2.9 
1.0 

• • • • ^M • 


2.5 

1.0 


2.7 
1.0 


3.5 
1.0 



27.8 
28.3 
28.5 
31.1 

29.5 
30.0 
30.2 
32.1 

29.9 
30.5 
30.8 
33.6 

29.6 
30.1 
30.4 
32.7 

29.1 
39.6 
29.9 
32.3 

26.7 
27.4 

27.7 
30.8 



61.6 
62.8 
63.4 
68.9 

62.5 
63.5 
64.2 
67.9 

59.2 
60.4 
61.0 
66.4 

61.0 
61.9 
62.5 
67.3 

61.1 
62.2 
62.8 
67.7 

60.0 
61.6 
62.2 
09.2 



7.8 
8.0 
8.1 



5.4 
5.5 
5.6 


8.0 
8.1 
8.2 


6.9 
7.0 
7.1 


7.07 
7.19 
7.27 


9.8 
10.0 
10.1 



0.98 
1.00 
1.01 
1.10 

1.23 
1.25 
1.26 
1.33 

1.20 
1.22 
1.24 
1.35 

1.54 
1.56 
1.58 
1.70 

1.25 
1.27 
1.28 
1.38 

.81 
.83 
.84 
.93 



6.22 
6.12 
6.06 
&.46 



7&86 
80.23 
81.04 
87.39 



1.48 
1.51 
1.52 
1.64 



6.13 
4.68 
3.83 
4.13 



7,670 
7,815 
7,890 
8,680 

7,915 
8,050 
8,130 
8,610 

7,640 
7,790 
7,865 
8,670 

7,755 
7,870 
7,955 
8,560 

7,780 
7,885 
7,960 
8,685 

7,440 
7,635 
7,706 
8,575 



13,810 
14,070 
14,200 
15,450 

14,2S0 
14,490 
14.640 
15,500 

13,760 
14,020 

i4,ieo 

15,430 

13,960 
14,170 
14,330 
15,410 

13,9SD 
14,190 
14,330 
15,460 

13, 3W 
13,730 
13,870 
15,430 
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lory No. 



22188 



2Z189 



2S190 



32212 



22213 



22248 



22243 



Alr- 
drjrizig 

l088. 



22244 



22245 



22246 



22247 



22249 



2.3 



2,4 



XO 



1.9 



1.6 



1.8 



1.9 



2.5 



1.6 



1.8 



2.0 



3.1 



1.7 



Form 

of 
anal- 
ysis. 



A 

B 
C 

D 

A 
B 
G 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 

D 

A 

B 
C 

D 



Proziinato. 



Ultimato. 



Mois- 
ture. 



3.4 
1.1 



3.4 
1.0 


3.2 
1.2 


3.0 
1.1 


2.7 
1.0 


2.8 
1.0 


3.2 

1.4 


3.4 
1.0 


2.5 
.9 


2.7 

.9 


2.9 
.9 


4.3 
1.2 


2.6 

.8 



Vola- 
tile 
mat- 
ter. 



27.4 
28.0 
28.3 
31.8 

27.1 
27.8 
28.0 
31.3 

28.2 
28.8 
20.2 
30.4 

29.5 
30.1 
30.4 
32.3 

30.2 
30.7 
31.1 
33.4 

29.8 
30.4 
30.7 
32.8 

28.0 
28.5 
28.9 
30.5 



28. 
28. 
29. 
32. 



29.0 
29.5 
29.7 
34.5 

29.8 
30.3 
30.6 
34.1 

29.0 
29.6 
29.9 
33.7 

25.7 
26.5 
26.8 
30.3 

30.4 
31.0 
31.2 
34.3 



Fixed 
car- 
bon. 



68.7 
60.2 
60.8 
68.2 

59.4 
00.9 
61.5 
68.7 

64.6 
65.9 
66.7 
69.6 

62.0 
63.1 
63.9 
67.7 

60.4 
61.4 
62.0 
66.6 

61.2 
62.3 
63.9 
67.2 

63.8 
65.0 
65.9 
69.5 

58.6 
60.1 
60.7 
67.6 

55.0 
55.9 
56.4 
65.5 

57.6 
58.7 
59.2 
65.9 

57.1 
58.2 
58.8 
66.3 

59.2 
61.1 
61.9 
69.7 

58.3 
50.3 
59.8 
65.7 



]a5 

10.7 
10.9 



10.10 
10.35 
10.46 



4.0 
4.1 
4.1 



5.6 
5.7 
5.7 


6.7 
6.9 
6.9 


6.21 
6.32 
6.38 


5.0 
5.1 
5.2 


9.9 
10.1 
10.2 


13.5 
13.7 
13.9 



9.9 
10.1 
10.2 



11.03 
11.25 
11.35 



10.8 
11.2 
11.3 



8.7 
8.9 
9.0 



Sul- 
phur. 



0.99 
1.01 
1.02 
L14 

.90 

.92 

.93 

1.04 

.60 
.70 
.71 
.74 

.72 
.73 
.74 
.79 

.66 
.67 
.68 
.73 

.69 
.70 
.71 
.76 

1.62 
1.65 
1.67 
1.76 

2.35 
2.41 
2.43 
2.71 

4.27 
4.34 
4.38 
5.09 

2.53 
2.58 
2.60 
2.90 

3.00 
3.06 
3.09 
3.49 

1.59 
1.64 
1.66 
1.87 

1.49 
1.52 
1..53 
1.68 



dro- 
gen. 



5.10 
4.05 
4.89 
5.46 



5.26 
5.15 
5.10 
5.45 



4.88 
4.75 
4.69 
5.29 



Car- 
bon. 



75.67 
77.53 
78.35 
87.50 



79.43 

80.85 
81.66 
87.22 



73.94 
75.42 
76.11 
85.85 



Nitro- 
gen. 



1.42 
1.46 
1.47 
1.64 



1.30 
1.32 
1.34 
1.43 



1.34 
1.37 
1.38 
1.56 



Oxy- 
gen. 



6.81 
4.79 
3.90 
4.36 



7.11 
5.66 
4.81 
5.14 



5.81 
4.15 
3.38 
3.81 



Heating value. 



Calo- 
ries. 



7,385 
7,560 
7,640 
8,570 

7,406 
7,590 
7,670 
8,565 

7,950 
8,115 
8,210 
8,566 

7,870 
8,020 
8,110 
8,605 

7,710 
7,840 
7,925 
8,510 

7,790 
7,930 
8,005 
8,550 

7,810 
7,960 
8,070 
8,510 

7,435 
7,625 
7,700 
8,570 

7,130 
7,245 
7,310 
8,485 

7,475 
7,610 
7,680 
8,550 

7,340 
7,490 
7,655 
8,525 

7,215 
7,460 
7,540 
8,500 

7,685 
7,820 
7,890 
8,66^ 



Brit- 
ish 

ther- 
mal 

units. 



13,290 
13,610 
13,750 
15,430 

13,330 
13,660 
13,800 
15,420 

14,310 
14,600 
14,780 
15,420 

14,170 
14,440 
14,000 
15,490 

13,880 
14,110 
14,260 
15,320 

14,020 
14,270 
14,410 
15,300 

14,060 
14,330 
14,530 
15,320 

13,380 
13,720 
13,860 
15,430 

12,830 
13,040 
13,160 
15,280 

13,460 
13,700 
13, 8» 
15,300 

13,210 
13,480 
13,600 
15,340 

12,990 
13,410 
13,570 
15,300 

13,830 
14,070 
14,200 
15,590 



22330 



1.3 




34.9 
35.4 
36.0 
41.6 



MABIOir COTnrTY. 



49.0 


13.3 
13.4 
13.6 


2.00 
2.a3 
2.06 
2.39 










6,996 
7,085 
7,200 
8,335 


13,500 
12,760 


49.6 










50.4 










12,960 
15,010 


5a4 
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Labora- 
tory No. 



22231 



22232 



22233 



22234 



22235 



22236 



22237 



22238 



22251 



22252 



22253 



22254 



22255 



22266 



22257 



Air- 
drying 
los& 



1.6 



L7 



1.4 



1.5 



2.1 



2.7 



2.6 



2.4 



3.0 



4.8 



4.2 



3.2 



2.7 



3.0 



1.8 



Form 

of 
anal- 
ysis. 



A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 

D 

A 
B 
C 

D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 



Froxiniate. 



Ultimate. 



Mois- 
ture. 



Vdap 
tUe 

mat- 
ter. 



3.4 
1.9 


34.8 
35.4 
30.0 
39.5 


3.1 
1.4 


36.9 
87.0 
38.1 
42.1 


3.0 
L6 


37.3 
37.9 
38.5 
41.0 


3.1 
L6 


35.8 
30.4 
36.9 
41.0 


3.1 
1.1 


27.8 
28.4 
28.7 
31.8 


3.6 
1.0 


27.4 
28.1 
28.4 
30.0 


a? 

1.1 


28.0 
28.8 
29.1 
30.8 


3.6 
1.1 


27.0 
28.3 
28.7 
30.9 


4.6 
1.0 


20.3 
27.3 
27.0 
28.3 


5.6 
1.0 


20.7 
28.0 
28.3 
29.2 


6.1 
1.0 


26.6 
27.7 
28.0 
28.8 


4.1 
.9 


23.8 
24.6 
24.8 
27.7 


3.0 
.9 


23.0 
23.7 
23.9 
27.2 


8.8 
.8 


23.4 
24.2 
24.3 
27.4 


2.7 

.9 


25.1 
25.6 
25.8 
29.0 



Fixed 
car- 
bon. 



63.3 
64.1 
65.2 
60.6 

50.9 
61.8 
62.6 
67.9 

62.4 
63.1 
64.0 
68.4 

61.6 
62.4 
63.3 
69.0 

59.7 
00.9 
01.0 
68.2 

62.0 
63.7 
64.4 
69.4 

62.9 
64.6 
66.3 
09.2 

61.7 
63.2 
63.9 
09.1 

66.7 
69.1 
69.8 
71.7 

64.8 
68.0 
68.7 
70.8 

65.6 
68.5 
69.2 
71.2 

62.2 
64.3 
64.9 
72.3 

61.8 
63.6 
64.0 
72.8 

62.0 
63.9 
64.6 

72.6 

61.3 
02.5 
03.0 
71.0 



Ash. 



8.5 
8.6 
8.8 



9.1 
9.2 
9.4 



7.3 
7.4 

7.6 



9.48 
9.62 
9.78 



9.4 
9.6 
9.7 



7.0 
7.2 
7.2 



6.4 
6.6 
6.6 



7.18 
7.36 
7.44 



2.5 
2.6 
2.6 



2.9 
3.0 
3.0 



2.68 
2.80 
2.82 



9.9 

10.2 
10.3 



11.6 
11.9 
12.1 



10.76 
11.08 
11.17 



10.9 
11.1 
11.2 



Sul- 
phur. 



1.05 
L07 
LOO 
1.10 

L42 
L44 
1.47 
1.02 

L70 
1.78 
1.81 
1.90 

1.57 
1.89 
1.62 
L80 

1.25 
1.28 
1.29 
1.43 

1.20 
1.23 
1.25 
L35 

1.31 
1.34 
1.30 
L44 

1.28 
1.31 
1.33 
1.44 

.73 
.70 
.76 
.78 

1.00 
1.11 
1.12 
1.15 

.90 
.94 
.95 
.98 

2.31 
2.39 
2.41 
2.68 

2.71 
2.78 
2.81 
3.20 

2.45 
2.52 
2.55 
2.87 

2.87 
2.92 
2.U5 
3.32 



dro- 
gen. 



6.38 
6.30 
6.20 
6.70 



6.10 
5.01 
4.94 
6.34 



6.35 
6.10 
6.04 
6.19 



Car- 
bon. 



73.80 
75.00 
70.25 
84.62 



78.09 
80.04 
80.94 
87.45 



81.92 
85.48 
86.31 
88.81 



4.75 
4.55 
4.50 
6.07 



74.80 
77.08 
77.74 
87.61 



Nitro- 
gen. 



L43 
1.45 
L48 
1.64 



Oxy- 
gen. 



8.25 
7.04 
6.67 
6.28 



1.63 
1.67 
1.09 
1.83 



1.46 
1.52 
1.54 
1.58 



1.14 
1.17 
L18 
L33 



6.66 
4.61 
3.60 
3.94 



7.69 
4.16 
3.34 
3.44 



0.11 
3.60 
2.80 
3.22 



Heating value. 



Calo- 
ries. 



7,370 
7,480 
7,025 
8,355 

7,385 
7,516 
7,625 
8,410 

7,645 
7,655 
7,775 
8,410 

7.330 
7,440 
7,565 
8,386 

7,616 
7,676 
7,760 
8,596 

7,715 
7,925 
8,005 
8,625 

7,820 
8.025 
8,120 
8,506 

7,666 
7,860 
7,045 
8,685 

8,125 
8,425 
8,505 
8,736 

7,990 
8,385 
8.465 
8,7d0 

8,060 
8,400 
8,486 
8,730 

7,410 
7,665 
7,725 
8,610 

7,256 
7,456 
7,520 
8,655 

7,325 
7,650 
7,616 
8,670 

7,300 
7,530 
7,695 



Brit- 
Ish 

ther- 
mal 

units. 



13,210 
13,470 
13,720 
15,040 

13,290 
13,520 
13,720 
15,140 

13,580 
13,780 
14,000 
15,130 

13,200 
13,400 
13,620 
15,100 

13,530 
13,820 
13,470 
15,470 

13,880 
14,260 
14,410 
15,530 

14,080 
14,450 
14,G10 
15,470 

13,800 
14,150 
14,310 
15,460 

14.620 
15,170 
15,310 
15,730 

14,390 
15,130 
16,240 

15, no 

14,490 

15,120 
15,270 
15,710 

13,340 
13,780 
13,900 

15,500 

13,060 
13,420 
13,540 
15,400 

13,190 
13,590 
13,710 
15.430 

13,300 
13,550 
13,670 



8,656 I 15,400 
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Ubon- 

UryNo. 


Air- 
drying 

1<M8. 


22258 


4.0 


22267 


1.8 


223B8 


1.8 


22289 


2L3 


22270 


L7 


22271 


1.9 


22370 


2.5 


223M 


L6 


22399 


1.8 


22400 


1.7 


22401 


L8 


22402 


L7 



Form 

of 
anal- 
ysis. 



A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 

D 

A 

B 
C 
D 

A 
B 
C 
I) 

A 

B 
C 
D 

A 
B 
C 
I) 

A 
B 
C 
D 

A 

B 
C 
D 



Proxlmato. 



Ultimato. 



Hols- 
ture. 



5.3 
L3 



3.3 
1.5 



3.3 
1.6 



3.6 
1.6 



3.2 
L5 



3.4 
1.5 



3.8 
1.4 



2.9 
1.3 



3.0 
1.3 



2.8 
1.1 



3.2 
1.5 



3.1 
1.4 



Vola- 
tile 



36.3 
26.3 
36.7 
37.3 

28.5 
29.0 
29.5 
32.3 

38.6 
29.1 
29.6 
32.4 

28.1 
28.7 
29.1 
31.9 

28.9 
29.4 
39.8 
3X7 

28.3 
28.7 
29.1 
31.9 

28.4 
29.1 
29.6 
32.5 

89.8 
30.3 
30.7 
34.5 

29.7 
30.2 
30.6 
34.1 

30.7 
31.3 
31.6 
36.0 

29.6 
30.0 
30.5 
33.6 

29.6 
30.1 
30.6 
34.2 



Fixed 
car- 
bon. 



67.4 
70.2 
71.1 
73.7 

60.0 
61.1 
63.0 
67.8 

59.7 
60.7 
61.7 
67.6 

60.0 
61.3 
62.3 
68.1 

59.5 
60.6 
61.5 
67.3 

60.1 
61.3 
62.3 
68.1 

59.3 
60.7 
61.5 
67.5 

56.6 
57.6 
68.3 
65.5 

57.5 
58.5 
59.3 
65.9 

54.7 
56.6 
56.2 
64.0 

58.3 
59.4 
60.3 
66.4 

57.0 
5R.0 

5H.8 
65.8 



Ash. 



8.4 
8.6 
8.7 



8.8 

8.5 
8.6 



8.4 
8.5 
8.7 



8.33 

8.48 
8.61 



8.6 
8.8 
8.9 



10.7 
10.8 
11.0 


9.8 
10.0 
10.1 


11.8 
12.0 
12.2 


9.0 
9.1 
9.2 


10.31 
10.49 
10.64 



Sul- 
phur. 



2.1 


ao3 


3.3 


.66 


3.3 


.66 




.67 


8.3 


.58 


8.4 


.69 


8.5 


.60 




.66 



.75 
.76 
.78 
.85 

LU 
1.13 
1.15 
1.36 

.83 
.84 
.86 
.94 

.79 
.81 
.82 
.90 

L14 
1.17 
1.19 
1.31 

2.59 
2.63 
2.67 
3.00 

L26 
1.28 
1.30 
1.45 

4.26 
4.33 
4.38 
4.99 

.82 
.83 
.85 
.94 

2.22 
2.26 
2.29 
2.56 



dro- 
gen. 



Car- 
bon. 



Nitro- 
gen. 



5.02 
4.90 
4.80 
5.25 



76.49 
77.94 
79.17 
86.63 



Oxy- 
gen. 



1.49 
1.52 
L54 
1.69 



7.89 
6.35 
5.06 
5.53 



4.03 
4.82 
4.74 
5.30 



I 'T') 



I 73.92 
75.21 
76.27 
85.35 



1.41 
1.43 
1.45 
1.62 



7.21 
6.79 
4.61 
5.17 



Heating value. 



Calo- 
ries. 



8,015 
8,345 
8,450 
8,640 

7,475 
7,615 
7,730 
8,450 

7,445 
7,580 
7,700 
8,440 

7,445 

7,605 
7,725 
8,450 

7,475 
7,600 
7,715 
8,450 

7,460 
7,605 
7,725 
8,450 

7,330 
7,510 
7,610 
8,360 

7,270 
7,385 
7,485 
8,410 

7,310 
7,440 
7,540 
8,385 

7,150 
7,275 
7,355 
8,375 

7,380 
7,515 
7,630 
8,405 

7,285 
7,415 
7,520 
8,415 



Brit- 
ish 

ther- 
mal 

units. 



1-14 
15 
15 
Ifi 

13 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 

12 
13 
13 
15 

13 
13 
13 
15 

13 
13 
13 
15 



430 
020 
210 
650 

460 
710 
910 
210 

400 

650 

m) 

190 

400 

690 
900 
210 

450 

680 
890 
210 

430 
690 
900 
210 

180 
520 
700 
050 

090 
300 
470 
130 

160 
400 
.')70 
100 

870 
090 
240 
070 

290 
530 
730 
130 

120 
350 
530 
140 



XOROAir COUITTY. 



31083 



31084 



1.3 



1.6 



A 
B 

C 
D 

A 
B 
C 
D 



3.1 

1.8 



2.8 

1.3 



35.2 
35.7 
36.3 
39.0 

36.9 
37.5 
38.0 
40.4 




0.80 
.90 
.92 
.90 

2.92 
2.97 
3.00 
3.19 



7,510 
7,605 
7,745 
8,320 

7,740 
7,8<« 
7,9fK) 
8,465 



13,520 
13,090 
13,940 
14,980 

13,930 
14,lro 

15,230 
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XOBGAir OOTJirrY-Caiitlnaod. 



Labora^ 
toryNo. 



31086 



21086 



21087 



21068 



21060 



21000 



21091 



21092 



210B3 



21004 



21005 



21096 



21099 



21100 



21101 



Air- 
drying 
loss. 



1.7 



1.7 



1.6 



.9 



1.1 



1.1 



1.0 



.8 



1.0 



1.2 



1.0 



1.0 



2.0 



1.4 



1.0 



Form 

of 
anal- 
ysis. 



A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 



Froximato. 



Mois- 
ture. 



Vola- 
tile 

mat- 
ter. 



2.9 
1.2 


37.5 
38.1 

3ao 

4a5 


2.8 
1.1 


87.3 
38.0 
38.4 
40.3 


2.9 
1.3 


37.3 
37.0 
38.4 
4a6 


2.2 
1.4 


36.7 
37.0 
37.5 
40.8 


2.3 
1.2 


36.4 
36.8 
37.2 
39.8 


2.2 
1.1 


36.5 
36.9 
37.3 
40.4 


2.3 
1.3 


36.4 
36.8 
37.2 
4a2 


2.1 
1.3 


34.6 
34.9 
35.3 
40.9 


2L2 
1.3 


36.4 
36.7 
37.2 
40.4 


2L4 
1.2 


37.0 
37.5 
37.9 
40.3 


2.2 
1.2 


37.2 
37.6 
38.1 
40.4 


2L3 
1.3 


36.3 
36.7 
37.2 
4a6 


3.3 

.8 


39.1 
40.1 
40.4 
4Z5 


Z2 

.8 


38.5 
39.0 
30.3 
42.7 


1.8 
.8 


39.3 
39.7 

4ao 

43.0 



Fixed 
car- 
bon. 



64.0 
55.9 
56.6 
59.5 

55.3 
56.2 
56.0 
59.7 

54.7 
55.6 
66.4 
59.5 

53.3 
53.8 
54.6 
59.2 

65.0 
55.6 
56.3 
60.2 

53.8 
54.4 
65.0 
59.6 

64.2 
54.7 
65.4 
69.8 

60.0 
50.4 
61.1 
59.1 

63.6 
64.1 
64.8 
59.6 

54.8 
65.5 
66.2 
59.7 

55.0 
55.6 
66.2 
59.6 

53.3 
53.8 
54.5 
59.4 

52.9 
54.3 
54.7 
57.5. 

61.6 
62.4 
52L8 
57.3 

52.1 
52.6 
53.1 
57.0 



Ultimate. 






4.7 

4.8 
4.8 



4.6 
4.7 
4.7 



5.10 
5.18 
5.25 



7.8 
7.8 
8.0 



6.3 
6.4 
6.5 



7.5 
7.6 
7.7 



7.11 
7.18 
7.37 



13.3 
13.4 
13.6 



7.8 
7.9 
&0 



6.8 
5.8 
5.0 



5.6 
5.6 
5.7 



8.10 
&18 
8.29 



4.7 

4.8 
4.9 



7.7 
7.8 
7.9 



6.8 
6.0 
6.9 



Sul- 
phur. 



2.63 
2.68 
2.71 
2.85 

2.26 
2.30 
2.33 
2.44 

2.63 
2.67 
2.71 
2.86 

2.61 
2.63 
2.67 
ZW 

2.56 
2.59 
2.62 
2.80 

2.31 
2.33 
2.36 
2.56 

2.51 
2.54 
2.57 
2.77 

Z05 
2.07 
2.09 
2.42 

2.32 
2L34 
2.37 
2.68 

3.60 
3.64 
3.69 
3.92 

2.69 
2.72 
2.75 
2.92 

2.61 
2.64 
2.67 
2.91 

3.29 
3.38 
3.40 
3.57 

4.26 
4.32 
4.35 
4.72 

3.55 
3.52 
3.62 
3.89 



dro- 
gen. 



5.61 
5.52 
5.45 
5.75 



5.43 
5.37 
5.30 
5.72 



5.36 
6.30 
5.23 
5.70 



Car- 
bon. 



77.44 

78.73 
70.72 
84.14 



75.60 
76.37 
77.34 
83.40 



74.94 
75.68 
76.66 
83.59 



Nitro- 
gen. 



1.73 
1.76 
1.78 
1.88 



1.02 
1.04 
1.96 
2.11 



1.89 
1.91 
1.93 
ZIO 



Oxy- 
gen. 



7.49 
6.14 
5.00 
5.37 



7.43 
6.60 
6. 5A 
6.00 



7.10 
6.29 
6.22 
5.70 



Heating valu«. 



Calo- 
ries. 



7,850 
7,085 
8,085 
8,490 

7,850 
7,965 
8,075 
8,475 

7,885 
7,935 
8,035 
8,480 

7,540 
7,605 
7,715 
8,380 

7,685 
7,775 
7,865 
8,410 

7,580 
7,660 
7,750 
8,390 

7,600 
7,680 
7,775 
8,385 

7,085 
7,140 
7,230 
8,370 

7,530 
7,605 
7,705 
8,375 

7,725 
7,820 
7,015 
8,415 

7,775 
7,850 
7,9!)0 
8,430 

7,550 
7,625 
7,726 
8,420 

7,890 
8,095 
8,160 
8,580 

7,710 
7,820 
7,880 
8,550 

7,820 
7,905 
7,965 
8,560 
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TBNNE88EE--0ontiiiued. 
XOBOAV OOUSTT-OmtlniiBd. 



Uborap 
toryNo. 



turn 



21108 



21104 



21106 



21106 



21145 



31146 



21147 



21148 



21149 



21150 



21151 



21158 



21153 



Air- 

drying 

loss. 



LO 



LI 



.9 



L4 



1.1 



L5 



3.3 



XI 



3.8 



2L6 



L4 



L7 



2.0 



Zl 



Fonn 

of 
anal- 
ysis. 



Proximato. 



Ultimata. 



HaaUngTalua. 



Mois- 
ture. 



A 
B 
C 
D 

A 

B 
C 
B 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 



1.8 
.8 



L9 

.8 



L6 
.7 



2.4 

LI 



ZO 
.9 



8.0 
LO 



4.5 
L3 



8.5 
L4 



4.8 
LI 



8.4 

.8 



2L6 
1.2 



8.0 
1.8 



8.8 
L8 



3.6 
1.6 



Vola- 

tUe 

mat- 

t«r. 



38w0 
88.4 
38.7 
43.1 

38.5 
38w9 
39.2 
42.7 

38.4 
38.7 
39.0 
4X7 

36.3 
36.8 
37.2 

4ai 

37.5 
38.0 
38.3 
41.7 

39.6 
40.2 
40.8 
42.7 

87.0 
88.3 
38.8 
43.9 

36.6 
37.4 
37.9 
39.8 

85.2 
36.3 
36.7 
38.6 

35.7 
36.7 
36.9 
89.8 

38.9 
39.4 
39.9 
41.6 

39.3 
40.0 
40.5 
42L1 

39.5 
4a4 
40.9 
42.0 

86.4 
37.2 
87.7 
89.9 



Fixad 
car- 
bon. 



Aah. 



Sul- 
phur. 



5a3 
5a8 

51.2 
56.9 


9.9 

lao 
lai 


51.5 
62.1 
52.5 
57.3 


8.14 
8.23 
&30 


51.4 
51.9 
52.2 
57.3 


&6 
8.7 
8.8 


54.3 
55.0 
55.6 
59.9 


7.0 
7.1 
7.2 


52.6 
53.1 
53.6 
58.3 


7.89 
7.98 
8.05 


53.2 
53.9 
54.8 
57.3 


4.2 
4.3 
4.4 


47.4 
48.9 
49.6 
56.1 


11.1 
11.5 
11.6 


55.4 
56.6 
57.4 
60.2 


4.5 
4.6 
4.7 


55.9 
57.8 
58.5 
61.4 


4.6 

4.8 
4.8 


53.9 
55.3 
55.8 
60.2 


7.0 
7.3 
7.8 


54.4 
55.2 
65.9 
58.4 


4.1 
4.2 
4.2 


54.1 
55.0 
55.7 
67.9 


3.6 
8.7 
8.8 


54.7 
55.8 
56.5 
68.0 


3.6 
Z6 
2.6 


64.7 
65.9 
66.8 

6ai 


6.8 
6l4 
6.6 



4.33 
4.37 
4.41 
4.90 

4.04 
4.09 
4.12 
4.49 

5.01 
5.06 
5.09 
5.58 

3.12 
3.16 
3.20 
3.45 

4.03 
4.08 
4.11 
4.47 

1.33 
1.35 
1.37 
1.43 

4.35 
4.49 
4.56 
5.16 

1.42 
1.45 
1.47 
1.54 

1.26 
1.30 
1.32 
1.39 

2.71 
2.78 
2.80 
3.02 

1.62 
1.64 
1.66 
1.73 

1.81 
1.84 
1.87 
1.04 

.67 
.68 
.69 
.71 

.77 
.79 
.80 
.86 



dro- 
san. 



Car- 
bon. 



Nitro- 
gan. 



5.60 
5.53 
5.49 
5.99 



75.26 
76.13 
76.70 
83.64 



5.48 
5.41 
5.37 
5.84 



75.00 
75.86 
76.53 
83.23 



Oxy- 
gan. 



1.79 
1.81 
1.82 
1.98 



1.72 
1.74 
1.76 
1.91 



5.17 
4.21 
3.57 
3.90 



5.88 
4.93 
4.18 
4.55 



Calo- 
ries. 



7,535 
7,610 
7,670 
8,530 

7,605 
7,780 
7,^40 
8,550 

7,660 
7,730 
7,785 
8,530 

7,690 
7,796 
7,880 
8,490 

7,670 
7,760 
7,830 
8,515 

7,790 
7,910 
8,035 
8,400 

7,040 
7,275 
7,370 
8,340 

7,775 
7,940 
8,055 
8,445 

7,775 
8,040 
8,125 
8,540 

7,700 
7,905 
7,965 
8,590 

7,940 
8,060 
8,160 
8,515 

7,955 
8, 090 
8,200 
8,520 

8,020 
8,185 
8.205 
8,515 

7,730 
7,896 
8,016 
8»486 



Brit- 
ish 

ther- 
mal 

units. 



13,570 
13,700 
13,810 
15,360 

13,850 
14,010 
14,110 
15,390 

13,790 
13,010 
14,010 
15,360 

13,840 
14,030 
14,190 
15,290 

13,810 
13,970 
14,090 
15,330 

14,030 
14,230 
14,460 
15,120 

12,670 
13,000 
13,270 
15,010 

13,990 
14,290 
14,500 
15,200 

14,000 
14,470 
14,630 
15,370 

13,860 
14.230 
14,340 
15,460 

14,300 
14,500 
14,680 
15,330 

14,320 
14.560 
14.760 
15,340 

14,440 
14.730 
14,940 
15,330 

13,910 
14,220 
14,430 
16,270 
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XOBGAK OOinrrT-Oantinued. 



Labora- 
tory No. 



21412 



21413 



21414 



21415 



21416 



21417 



21418 



21419 



21420 



21421 



21422 



21423 



21424 



21425 



21426 



Air- 
drying 
loss. 



L2 



.5 



.7 



.8 



.6 



.8 



.7 



1.3 



1.0 



1.1 



LO 



1.0 



1.1 



1.0 



1.0 



Form 

of 
anal- 
ysis. 



A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 

A 
B 
C 
I> 

A 
B 
C 
D 



Proximate. 



Ultimate. 



Mols- 
ture. 



L9 
.7 



L4 

.9 



L6 
.9 



L5 
.7 



La 
LO 



L6 
.8 



L6 

.8 



2.7 
L4 



2L6 
L5 



2.5 
L4 



2.1 
L2 



2.0 
LO 



2.1 
.9 



2.3 
L3 



2.4 
1.4 



Vdla- 
tile 

mat- 
ter. 



39.1 
39.6 
39.9 
44.5 

39.8 
40.0 
40.3 
44.5 

39.4 
39.7 
40.0 
43.9 

39.7 
40.0 
4a3 
44.5 

39.8 
40.1 
40.5 
46.2 

40.5 
40.9 
4L2 
44.3 

40.0 
40.3 
4a6 
45.0 

37.6 
38.1 
38.7 
40.9 

39.1 
39.5 
40.1 
41.6 

39.4 
39.8 
40.4 
41.8 

39.0 
39.4 
39.8 
43.8 

39.0 
39.4 
39.8 
42.9 

39.2 
39.7 
40.1 
43.0 

37.0 
37.3 
87.8 
39.5 

40.2 
40.7 
41.2 
42.4 



Fixed 
car- 
bon. 



48.8 
49.4 
49.7 
55.5 

49.7 
49.9 
5a4 
55.6 

5a3 
5a6 
51.1 
56.1 

49.5 
49.9 
50.3 
5&5 

46.4 
46.7 
47.1 
53.8 

51.1 
5L5 
51.9 
56.7 

4&9 
49.3 
49.7 
56.0 

64.4 
55.2 
56.9 
59.1 

54.9 
65.5 
56.3 
58.4 

64.9 
65.6 
66.3 
68.2 

60.0 
60.4 
61.1 
66.2 

62.0 
62.6 
63.0 
67.1 

62.1 
62.7 
63.2 
67.0 

66.6 
67.2 
67.9 
60.5 

54.7 
55.2 
66.0 
67.6 



Ash. 



10.2 
10.3 

ia4 



9.1 
9.2 
9.3 



&7 
&8 
8L9 



9.29 
9.37 
9.43 



12.2 
12.2 
12.4 



6.8 
6.8 
6.9 



9.66 
9.63 
9.70 



6.3 
5.3 
6.4 



3.6 
3.5 
3.6 



3.2 
3.3 
3.3 



8.9 
9.0 
9.1 


7.0 
7.1 

7.2 


6.6 
6.7 
6.7 



4.1 
4.2 
4.3 



2.7 
2.7 

2.8 



Sul- 
phur. 



4.48 
4.63 
4.67 
6.10 

4.76 
4.77 
4.82 
6.31 

4.36 
4.39 
4.43 
4.86 

4.43 

4.47 
4.60 
4.97 

6.43 
6.47 
6.63 
7.45 

4.39 

4.42 
4.46 
4.79 

5.40 
6.44 
6.49 
6.07 

LIO 
Lll 
L13 
L19 

1.36 
L37 
L89 
1.44 

LIS 
1.19 
1.22 
1.26 

5.20 
5u26 
6.31 
6.84 

o. (W 

3.93 
3.97 
4.28 

4.16 
4.20 
4.24 
4.56 

.70 
.71 
.72 
.75 

. cftf 

LOO 
l.Ol 
1.04 



dro< 
gen. 



6.38 
6.33 
6.29 
6.84 



6.25 
5.21 
5.16 
6.71 



Car- 
bon. 



74.19 
74.80 
76.83 
83.17 



72.83 
73.36 
73.93 
8L87 



Nitro- 
gen. 



L78 
L79 
1.81 
2.00 



L70 
1.71 
L73 
L92 



Oxy- 
gen. 



4.93 
4.24 
3.64 
4.02 



6.26 
4.66 
3.99 
4.43 



Heatingvalue. 



Calo- 
ries. 



7,465 
7,666 
7,616 
8,495 

7,626 
7,665 
7,735 
8,525 

7,675 
7,730 
7,795 
8,655 

7,600 
7,660 
7,715 
8,520 

7,275 
7,320 
7,390 
8,435 

7,770 
7,830 
7,895 
8,480 

7,525 
7,575 
7,635 
8,455 

7,745 
7,860 
7,966 
8,420 

7,955 
8,035 
8,155 
8,460 

7,946 
8,040 
8,1&5 
8,430 

7,480 
7,550 
7,640 
8,405 

7,695 
7,775 
7,865 
8,460 

7,765 

7,855 
7,930 
8,600 

7,930 
7,995 
8,100 
8,460 

7,980 
8,060 
8, ISO 
8,410 



Brit- 
ish 

ther- 
mal 

units. 



13,440 
13, GOO 
13,700 
15,290 

13,730 
13,S00 
13,920 
16,340 

13.810 
13,910 
14,030 
15,400 

13,6>« 
13.790 
13,H90 
13,330 

13,100 
13, ISO 
13,300 
15, ISO 

13.9S0 

14,090 
14,220 
15,270 

13, MO 

13, «0 
13.750 
15,220 

13.940 
14,130 
14,340 

i5,ieo 

14.320 
14.470 
14,680 
15,230 

14,310 
14,470 
14.6S0 
15,170 

13,4«« 
13 5P0 
13.75n 
15,130 

13. «0 
14,010 
14. 1*1 
15,230 

13. IW) 

14.110 
14.270 
15.300 

14,250 

14,390 

15,230 

14.390 
14,510 
14.738 
15,140 



ANALYSES OF COAL SAMPLES. 



361 



TENNESSEE— Continued. 



XO&OAV OOTJHTT— Contlnoed. 





Air- 
drying 
loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


ntimate. 




Heating value. 


Labora> 
UvjNo. 


Moia. 
tore. 


Vdla. 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 

7.3 

7.5 
7.5 


Bui- 
phur. 


dro- 
gen. 


Car- 
bon. 


Nltro- 
gen. 


Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 
ther- 
mal 
units. 


21428 


2L2 


A 

B 
C 
D 


2.9 
.7 


32.2 
32.9 
33.2 
35.9 


57.6 
58.9 
50.3 
64.1 


1.29 
1.32 
1.33 
1.44 




1 




7,725 
7,895 
7,955 
8,600 


13,900 
14,210 
14,320 






1 
























15,480 








1 -,•--- 



OVXBTOV COTTHTT. 



20978 



20979 



200W 



2C9M 



30991 



30992 



2.2 



2.1 



2L3 



2.2 



1.7 



1.9 



A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 



3.4 
1.3 



S.2 
1.2 



3.6 
1.3 



3.4 
1.3 



2.6 
LO 



2.8 
1.0 



35.9 
36.7 
37.2 
41.3 

35.8 
36.5 
37.0 
41.0 

35.0 
35.9 
36.3 
41.3 

35i6 
36.4 
36.9 
41.3 

36.0 
36.6 
37.0 
42.3 

36.4 
37.1 
37.5 
41.8 



51.2 
52.3 
53.0 
58.7 

51.6 
52.6 
53.2 
50.0 

49.8 
50.9 
51.6 

58.7 

50.6 
51.7 
52.4 
58.7 

49.1 
49.9 
50.4 
57.7 

sas 

51.7 
52.2 
58.2 



9.5 
9.7 
9.8 



9.5 
9.7 

9.8 


11.6 
11.9 
IZl 


ia35 

ia58 
ia72 


12.3 
1X5 
1Z6 


10.0 
10.2 
10.3 



3.15 
3.22 
3.26 
3.61 

2.29 
2.34 
2.37 
2.63 

3.68 
3.77 
3.82 
4.34 

3.14 
3.21 
3.25 
3.64 

3.80 
3.87 
3.90 
4.46 

3.30 
3.37 
3.40 
3.79 



5.32 
5l1S 
5.12 
5l74 



72.25 
73.86 
74.81 

83.79 



1.39 
1.42 
1.44 
1.61 



7.55 
5.75 
4.66 
5.22 



7,315 
7,480 
7,575 
8,395 

7,325 

7,480 
7,570 
8,395 

7,060 
7,230 
7,310 
8,315 

7,220 
7,380 
7,475 
8,370 

7,145 
7,270 
7,340 
8,400 

7,315 
7,455 
7,525 
8,390 



13,170 
13,460 
13.630 
15,120 

13,190 
13,400 
13,630 
15,110 

12,090 
12,990 
13,160 
14,970 

12.990 
13,280 
13,450 
15,070 

12.870 
13,090 
13,210 
15,120 

13,170 
13,420 
13,560 
15,100 



PUTVAK COVHTT. 



20090 



Z2 


A 
B 
C 
D 


3.4 

1.2 


38.2 
39.1 
39.6 
44.0 


4&7 
49.8 
£0.3 
56.0 


9.7 

9.9 

10.1 


3.43 
3.51 
3..'« 
3.95 










7,275 
7,440 
7,530 
8,375 
















•"• 















13,100 
13,390 
13.560 
15,070 



BHEA COtniTT. 



22138 



22159 



221(15 



22180 



1.8 



1.1 



1.2 



1.3 



A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 



2.9 
1.1 



2.0 
1.0 



2.0 
.9 



2.5 
1.3 



25.5 
26.0 
26.3 
35.5 

33.4 
33.7 
34.1 
37 

29.4 
29.8 
30.0 
35.6 

28.8 
29.2 
29.6 
34.0 



46.4 
47.2 
47.8 
64.5 

57.0 
57.6 
58.1 
63.0 

53.1 
53.7 
54.2 
64.4 

54.3 
55.0 
65.7 
65.4 



25.2 
25.7 
25.9 



7.6 

7.7 
7.8 


15.5 
15.6 
15.8 


14.4 
14.5 
14.7 



0.57 
.58 
.59 
.80 

3.70 
3.74 
3.78 
4.10 



.71 
.72 

.72 1. 
.86 '. 

.91 

.92 

.91 

1.09 



5,960 
6,065 
6,135 
8,285 

7,670 
7,750 
7,830 
8,495 

6,985 
7,070 
7,130 
8,470 

7,006 
7.090 
«,185 
8,425 



10,^30 
10,920 
11,040 
14,910 

13,810 
13,950 
14,100 
15,290 

12,570 
12,720 
12,840 
15,240 

12,610 
12,770 
12,940 
15,170 
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TBNNE S8EB— Contmued. 
BHSA COTTHTT— Contina«d. 





Air- 
drying 
loss. 


Fonn 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heating value. 


Labor&> 
toryNo. 


Mois- 
ture. 


Vola- 
tUe 

diaV 
ter. 


Fixed 
car- 
bon. 


Ash. 


Snl- 
phur. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
8^« 


Oxy- 
gen. 


Calo. 
ries. 


Brit- 
ish 
ther- 
mal 
units. 


22181 


2.9 
1.2 
1.2 
1.6 


A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 


4.2 
1.3 

2.5 
1.4 

2.5 
1.3 

3.0 
1.4 


29.9 
30.9 
31.2 
35.2 

31.5 
31.8 
32.3 
36.9 

30.7 
31.1 
31.5 
35.2 

30.2 
30.7 
31.1 
35.4 


56.1 
56.7 
57.5 
64.8 

53.8 
54.4 
55.2 
63.1 

66.7 
57.4 
58.1 
64.8 

55.0 
55.9 
56.7 
64.6 


10.8 
11.1 
11.3 


0.77 
.79 
.80 
.90 

2.00 
2.02 
2.06 
2.34 

1.31 
1.33 
1.34 
1.49 

1.26 
1.27 
1.29 
1.47 










7,206 
7,415 
7,515 
8,470 

7,170 
7,250 
7,355 
8.410 

7,400 
7,405 
7,590 
8,465 

7,200 
7,320 
7,420 
8,450 


12,930 












13,350 












13,530 












15,240 


22182 


12.2 
12.4 
12.5 










12,900 












13,050 












13,240 












15,140 


22183 


10.1 
10.2 
10.4 










13,320 












13,490 












13,6(i0 












15,240 


22184 


11.82 
12.02 
12.18 


4.90 
4.80 
4.71 
5.36 


72.96 
74.17 
75.20 
85.63 


1.40 
1.42 
1.44 

1.64 


7.67 
6.32 
5.18 
5.90 


12,960 
13,180 
13,360 
15,210 

















&OAHE COtTKTT. 



21015 



21016 



21017 



21018 



21023 



21024 



21082 



8.0 



.9 



.7 



1.2 



.7 



1.9 



2.7 



A 


8.7 


22.9 


B 


.8 


24.8 


C 




25.1 


D 




31.6 


A 


1.7 


29.3 


B 


.9 


29.5 


C 




29.8 


D 




32.7 


A 


1.6 


29.2 


B 


.9 


29.4 


C 




29.6 


D 




32.7 


A 


2.2 


29.5 


B 


1.0 


29.9 


C 




30.2 


D 




33.2 


A 


1.5 


28.2 


B 


.9 


28.4 


C 




28.6 


D 




37.4 


A 


3.0 


29.4 


B 


1.1 


30.0 


C 




30.3 


D 




33.6 


A 


4.3 


33.1 


B 


1.6 


34.1 


C 




34.6 


D 




38.0 



49.4 
53.7 
54.1 



al9.0 
20.7 
20.8 



60.1 


8.9 


60.6 


9.0 


61.1 


9.1 


67.3 




60.0 


9.2 


60.4 


9.3 


61.0 


9.4 


67.3 




59.4 


8.0 


60.2 


8.9 


60.8 


9.0 


66.8 




47.2 


(123.1 


47.5 


23.2 


48.0 


23.4 


62.6 




68.1 


9.5 


59.2 


9.7 


59.9 


9.8 


66.4 




54.1 


8.6 


M.6 


8.7 


56.5 


8.9 


62.0 





0.52 
.67 
;68 
.86 

.53 
.53 
.54 
.59 

.46 
.46 
.47 
.52 

.49 
.50 
.50 
.55 

2.02 
2.03 
2.05 
2.68 

.79 
.80 
.81 
.90 

.48 
.49 
.50 
.55 



6,100 
6,625 
6,680 
8,440 

7,630 
7,605 
7,765 
8,545 

7,580 
7,640 
7,710 
8,506 

7,665 
7,660 
7,735 
8,506 

6,350 
0,390 
6,445 
8,420 

7,406 
7,545 
7,630 
8,460 

7,290 
7,495 
7,620 
8,360 



10,960 
11,930 
12,020 
15,190 

13,740 
13,860 
13,980 
15,380 

13,650 
13,750 
L3,870 
15,310 

13,620 
13,790 
13.930 
15,310 

11,430 
11,500 
11,610 
15,160 

13,330 
13,580 
13,730 
15,230 

13,130 
13,490 
13,710 
15,060 



SCOTT COUHTT. 



21154 



1.8 


A 

B 
C 
D 


8.7 
1.9 


37.9 
38.6 
39.4 
42.7 


60.9 
51.9 
52.9 
57.3 


7.5 
7.6 
7.7 


1.91 
1.95 
1.98 
2.15 










7,366 
7,605 
7,660 
8,206 



























a High ash probably due to intimate mixture of some shale with the ooal. 



13,260 
13,510 
13,770 
14,930 
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TBNNE88EB — Continued. 
8G0TT COITVTT— Cantinned. 



Labora- 
oryNo. 



ni&5 



21156 



21219 



21220 



21221 



21218 



21222 



21223 



21224 



21225 



21226 



21227 



21228 



21229 



21372 



AJr- 

drying 

loss. 



1.8 



1.8 



2.2 



2.2 



2.2 



7.5 



3.4 



2.4 



2.7 



1.9 



2.3 



2.4 



1.2 



1.2 



1.8 




A 
B 
C 
D 

A 

B 
C 
D 

A 
B 

C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 



Proximate. 



lioiiw 
tore. 



"ufr «»«• 



mat- 
ter. 



car* 
boo. 



3.8 
2.0 


39.4 
40.1 
40.9 
43.5 


61.1 
62.1 
53.2 
56.5 


3.8 
2.0 


38.5 
39.2 
40.0 
42.9 


51.2 
52.2 
53.2 
57.1 


3.8 
L6 


30.5 
40.4 
41.1 

44.8 


48.6 
49.7 
50.5 
55.2 


3.0 
L4 


39.7 
40.6 
41.2 
47.0 


44.6 
46.7 
46.3 
53.0 


3.6 
L6 


39.6 
40.5 
41.1 
45.9 


46.7 
47.7 
48.4 
54.1 


9.0 
1.7 


36.5 
39.4 
40.1 
46.1 


42.7 
46.1 
46.9 
53.9 


4.6 
1.2 


38.0 
39.3 
39.8 
43.8 


48.8 
50.5 
51.1 
56.2 


3.6 
1.2 


39.3 
40.3 
40.8 
44.6 


49.1 
50.3 
50.9 
55.5 


4.3 

1.6 


36.5 
37.6 
38.1 
39.9 


55.0 
56.5 
67.4 
60.1 


3.6 
1.8 


37.1 
37.8 
38.5 
40.6 


64.4 
55.4 
56.4 
59.4 


3.9 

1.7 


36.7 
37.6 
3M.2 
40.1 


54.8 
66.1 
58.0 
69.9 


4.1 
1.7 


37.0 
37.9 
38.6 
40.4 


54.6 
66.0 
67.0 
59.6 


2.7 
1.6 


39.7 
40.2 
40.8 
45.1 


48.4 
48.9 
49.7 
54.9 


3.1 
2.0 


38.2 
38.6 
39.4 
4L1 


64.6 
55.3 
66.4 
58.9 


2.9 
1.1 


36.1 
36.8 
37.2 
39.4 


55.6 
66.6 
67.2 
60.6 



Ash. 



5.7 
5.8 
5.9 



6.52 
6.64 
6.77 



8.1 
8.3 
8.4 



12.1 
12.3 
12.5 


10.12 
10.34 
ia50 


11.83 
12.78 
13.00 



8.6 
9.0 
9.1 



8.0 
8.2 
8.3 



4.3 
4.4 

4.6 



4.9 
5.0 
5.1 



4.6 
4.7 
4.8 



4.3 
4.4 
4.4 



9.2 
9.4 
9.5 



4.1 
4.1 
4.2 



5.41 
6.61 
6.67 



Sul- 
phur. 



1.99 
2.03 
2.07 
2.20 

1.03 
1.97 
2.01 
2.16 

4.27 
4.37 
4.44 
4.85 

6.03 
6.15 
6.24 
7.13 

5.13 
5.24 
5.32 
6.94 

4.52 

4.88 
4.97 
5.71 

3.61 
3.74 

3.78 
4.16 

3.34 
3.42 
3.47 
3.79 

.71 
.73 
.74 

.77 

.81 
.83 
.84 
.88 

.79 
.81 
.82 
.86 

.n 

.79 
.80 

.84 

3.75 
3.79 
3.85 
4.25 

LOS 
1.06 
1.08 
L13 

1.87 
LOO 
1.93 
2.04 



intimate. 



Hy- 
dro- 
gen. 



5.60 
5.60 
5.38 
5.77 



Car- 
bon. 



Nitro- 
gen. 



74.32 
73. #0 
77.22 
82.83 



1.83 
1.8A 
1.90 
2.04 



Oxy- 
gen. 



9.80 
8.33 
6.72 
7.20 



5.42 
5.29 
6.21 
5.82 

5.59 
5.14 
5.04 
5.79 



70.08 
71.63 
72.71 
81.24 

63.48 
68.61 
69.76 
80.18 



1.63 
1.-67 
1.69 
1.89 

1.56 
1.67 
L70 
1.96 



7.62 
5.83 
4.57 
6.11 

13.03 
6.92 
5.53 
6.37 



5.60 
6.50 
5.44 
5.76 



77.09 
78. 62 
79.39 
84.07 



2.00 
2.04 
2.06 
2.18 



8. 08 
6.53 
6.61 
5.96 



Heal ing\*al tic. 



Calo. 
rles. 



7,540 
7,680 
7,840 
8,335 

7,445 
7,585 
7,735 
8,300 

7,310 
7,475 
7,595 
8,206 

6,970 
7,120 
7,225 
8,260 

7,150 
7,310 
7.420 
8,290 

6,530 
7,060 
7,180 
8,260 

7,295 
7,650 
7,645 
8,406 

7,465 
7,650 
7,745 
8,450 

7,680 
7,890 
8,020 
8,395 

7,700 
7,850 
7,990 
8,420 

7,720 
7,900 
8,030 
8,440 

7,710 
7,900 
8,040 
8,415 

7,405 
7,490 
7,605 
8,405 

7,830 
7,920 
8,080 
8,435 

7,690 
7,830 
7,920 
8,386 



Brit, 
ish 
ther- 
mal 
imitB. 



3.570 
830 
110 
000 



3 
3 
3 
4, 

3 

13 

3 

4 

12 
2 

13 
4 

2 

3 

13 

4 

1 
2 
2 
4 

3 
3 
3 
5 

13 
3 
3 
5 

3 
4 
4 
5 

3 
4 
4 

5 

3 
4 



400 
650 
930 
940 

160 
460 
680 
940 

640 
820 
010 
870 

870 
160 
350 
920 

760 
710 
920 
850 

130 
690 
760 
130 

440 
770 
940 
210 

820 
200 
440 
110 

860 
130 
380 
150 

890 
220 
460 
190 

880 
220 
470 
150 

330 
480 
690 
130 

090 
260 
550 
190 

840 
100 
250 
100 
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TENNESSEE — Continued. 



BGOTT COinrTT— Continued. 





Air- 
drying 
loss. 


Form 

of 
anal- 
ysis. 


Proximate. 


Ultimate. 


Heatin;;vahH 


Lftbora- 
tory No. 


Mois- 
ture. 


Vola- 
tUe 

mat- 
ter. 


Fixed 
car- 
bon. 


Asli. 


Sul- 
phur. 


dro- 
gen. 


Car- 
bon. 


Nitro* 
gen. 


Oxy- 
gen. 


Calo. 
ries. 


Brit 

ish 
thrr- 
mnl 

UDitJ 


21314 


2.4 
2.3 
2.8 


A 

B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 


3.8 
1.4 

3.6 
1.3 

4.8 
1.6 


36.2 
37.1 
37.6 
39.3 

35.3 
36.2 
36.7 
38.9 

36.4 
37.4 
38.0 
39.7 


56.0 
67.4 
68.2 
60.7 

55.6 
56.9 
67.6 
61.1 

55.2 
56.8 
67.7 
60.3 


4.0 
4.1 
4.2 


0.86 
.91 
.92 
.96 

1.04 
1.06 
1.08 
1.15 

1.20 
1.23 
1.25 
1.31 










7,845 
8,040 
8,155 
8,510 

7,710 
7,895 
8,000 

8,485 

7,705 
7.925 
8,050 
8,405 


14, IJ 












14,4; 












14, fi* 












15,32 


21315 


5.5 
5.6 
6.7 










13, «« 












14,21 












14,4fl 












15,2S 


21316 


4.1 
4.2 
4.3 










13, S" 












14,2« 












14.49 












l.'),13 

















SEQUATCHIB COXTHTT. 



22239 


1.4 
1.7 
1.6 
1.5 


A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 


2.6 
1.2 

2.8 
1.2 

2.7 
1.2 

2.8 
1.3 


29.7 
30.2 
30.5 
33.5 

30.1 
30.6 
31.0 
34.5 

29.4 
29.9 
30.2 
34.1 

29.5 
30.0 
30.4 
33.8 


59.0 
59.8 
60.6 
66.5 

67.2 
58.2 
68.8 
65.5 

56.9 
57.7 
68.6 
65.9 

57.9 
58.8 
59.5 
66.2 


8.7 
8.8 
8.9 

9.9 
10.0 
10.2 

11.0 
11.2 
11.3 

9.79 

9.94 

10.07 


1.12 
1.14 
1.15 
1.26 

1.22 
1.24 
1.26 
1.40 

1.60 
1.62 
1.64 
1.86 

1.27 
1.29 
1.81 
1.46 










7,520 
7,630 
7,725 
8,480 

7,445 


13.54 












13,73 












13,90 












15,36 


22240 


■ 








13.40 












7,575 13.51 












7,660 
8,530 

7,320 
7.430 


13.79 












15,35 


22241 










13,17 












13.37 












7,520 13,54 












8.480 15.27 


22242 


4.96 
4.86 
4.78 
6.32 


75.53 
76.71 
77.60 
86.39 


1.44 
1.46 
1.48 
1.65 


7.01 
5.74 
4.67 
5.18 


7,425 
7,540 
7,635 
8,490 


13,37 
13.57 
13, 7S 
15,29 



WHITS COXTHTT. 



22365 


1.6 


A 


3.0 


38.1 


51.1 


7.8 






B 


1.4 


38.8 


51.9 


7.9 






C 




39.3 


52.6 


8.1 






D 




42.8 


57.2 




22366 


2.0 


A 


3.5 


37.7 


61.9 


6.9 






B 


1.5 


38.5 


53.0 


7.0 






C 




39.1 


53.8 


7.1 






D 




42.1 


57.9 




22367 


1.5 


A 


2.9 


38.3 


50.6 


8.2 






B 


1.5 


38.9 


51.3 


8.3 






C 




39.5 


52.1 


8.4 






D 




43.1 


56.9 




22368 


1.7 


A 


8.2 


38.3 


50.9 


7.60 






B 


1.6 


39.0 


51.8 


7.73 






C 




39.6 


52.6 


7.85 






D 




42.9 


57.1 




22369 


1.4 


A 


2.7 


39.8 


47.5 


10.0 






B 


1.4 


40.4 


48.1 


10.1 






C 




40.9 


48.8 


10.3 






D 




45.6 


54.4 




22393 


1.8 


A 


3.4 


39.5 


46.8 


10.3 






B 


1.6 


40.3 


47.6 


10.5 






C 




41.0 


48.4 


10.6 






D 




45.8 


54.2 





2.67 
2.71 
2.75 
2.09 

2.60 
2.65 
2.09 
2.90 

3.04 
3.09 
3.13 
3.42 

2.80 
2.85 
2.89 
3.14 

3.36 
3.41 
3.45 
3.85 

4.09 
4.16 
4.23 
4.73 



5.45 
5.35 
5.27 
5.72 



74.45 
75.75 
76.87 
83.42 



1.19 
1.21 
1.23 
1.33 



8.51 
7.11 
6.89 
6.39 



7,490 
7,610 
7,720 
8,395 

7,510 
7,665 
7,780 
8,375 

7,420 
7,530 
7,645 
8,350 

7,455 
7,685 
7,605 
8,350 

7,355 
7,455 
7,660 
8,430 

7,225 
7,360 
7,480 
8,370 



13.48 
13,70 
13,90 
15, la 

13,52 
13, SO 
14,01 
15,0H 

13.3.? 
13. M 
13.7fl 
15,(0 

13,43 
13.63 
13. ^S 
15,0^ 

13,M 
13, 4J 

13,« 
15,11 

13,01 
13,24 

UM 
15,0« 



ANALYSES OF COAL SAMPLES. 



865 



TBNNBSBBS—^ontinued. 



WHXTX OOTJVTY— Contiiiiiad. 





Air- 
drying 
loss. 


Form 

of 
annl- 
ysls. 


Proximate. 


Ultimate. 


Heating value. 


Labora- 
loryNo. 


Mois. 
tore. 


Vob- 

tOe 

mat- 

ter. 


Fixed 
car- 
bon. 


Ash. 

• 


Sul- 
phur. 


dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


• 

Oxy- 
gen. 


Calo- 
ries. 


Brit- 
ish 

ther- 
mal 

units. 


2231M 


1.3 
L3 
L8 
1.6 
2.8 
1.1 
4.4 

• 

2.1 

2.6 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 

r 


2.8 
1.4 

3.8 
L5 

3.4 
L6 

3.0 
L4 

4.0 
1.2 

2.4 
L3 

5.6 
1.3 

3.4 
1.3 

3.8 
1.3 


40.4 
41.0 
41.6 
46.5 

39.6 
40.1 
40.7 
46.0 

38.8 
39.5 
40.1 
44.8 

30.7 
40.3 
40.9 
45.8 

35.8 
36.8 
37.3 
42.5 

37.7 
38.1 
38.6 
43.4 

35.4 
37.0 
37.5 
42.7 

36.1 
36.9 
37.4 
43.5 

36.2 
37.1 
37.6 
42.9 


46.6 
47.2 
47.9 
53.5 

46.4 
47.0 
47.8 
54.0 

47.8 
48.7 
40.5 
55.2 

46.0 

47.7 
48.4 
54.2 

48.5 
49.9 
50.5 
57.5 

49.2 

49.8 
50.4 
56.6 

47.5 
49.7 
50.3 
57.3 

46.9 
48.0 
48.6 
66.5 

48.1 
49.4 
50.0 
57.1 


10.2 
10.4 
10.5 


3.28 
3.32 
3.37 
3.77 

5.06 
5.13 
5.20 

5.88 

3.84 
3.91 
3.97 
4.43 

4.12 
4.19 
4.25 
4.76 

3.90 
4.01 
4.06 
4.62 

3.50 
3.54 
3.59 
4.03 

4.41 
4.61 
4.67 
5.32 

4.82 
4.92 
4.99 
5.80 

4.22 

4.33 
4.39 
5.01 










7,310 
7,410 
7,515 
8,400 

7,205 
7,300 
7,410 
8.380 

7,230 
7,365 
7,485 
8,355 

7,250 
7,370 
7,480 
8,375 

7,085 
7,290 
7,380 
8,405 

7,340 
7,426 
7,526 
8,460 

6,965 
7,286 
7,375 
8,400 

6,976 
7,130 
7,220 
8,400 

7,000 
7,275 
7,370 
8,415 


13,160 












13,330 
13,630 
15,120 

12,970 
13,140 
13,340 
15,060 






















22395 


11.2 
11.4 
11.5 








































22396 


10.0 
10.2 
10.4 










13,020 
13,260 
13, 470 






••••.«. 


....••. 

























15,040 

13,050 
13,260 
13,460 
15,080 

12,560 
13,120 


znan 


10.40 
10.57 
10.72 


5.29 
5.20 
5.10 
5.71 


71.00 
72.13 
73.21 
82.00 


1.41 
1.43 
1.45 
1.62 


7.78 
6.48 
5.27 
5.91 


2Z388 


11.7 
12.1 
12.2 






















13,280 












15,130 
13,210 


22380 


10.7 
10.8 
11.0 












' 








13,360 












13,640 












15,210 
12,540 


22390 


11.5 
12.0 
12.2 




















13, 110 












13,280 












15,120 
12,560 


22391 


13.6 
13.8 
14.0 




















12,830 












13,000 
15,120 

12,760 
13,100 
13,270 
15,150 












22392 


11.93 
12.25 
12.40 


5.22 
5.06 
4.98 
5.69 


60.72 
71.58 
72.49 
82.75 


1.33 
1.37 
1.38 
1.68 


7.58 
6.41 
4.36 
4.97 











UTAH. 



CABBON COtTNTY. 



19680 



19711 



i9asi 



19712 



3.2 
2.2 


A 
B 

I) 

A 

B 
C 
D 

A 
I) 
{) 
I) 

A 

B 
V. 
I) 


6.3 
3.1 

6.0 
3.0 

5.0 
3.1 

5.1 
4.2 




40.8 
42.1 
43.5 
45.7 

38.8 
39.7 
41.3 
44.2 

43.7 
44.6 
46.0 

4K.4 

41.8 
42.2 
44.1 
46.9 


48.5 
60.1 
61.7 
54.3 

40.1 
60.2 
52.2 
55.8 

46.5 
47.4 
49.0 
51.6 

47.4 
47.9 
49.9 
63.1 


4.55 
4.70 

4.85 

6.1 
6.2 
6.5 

4.80 
4.90 
5.05 

5.7 
5.7 
6.0 


0.37 
.38 
.30 
.41 

.40 
.50 
.52 
.56 

.41 
.42 
.43 
.45 

.55 
.56 
.68 
.62 


5.67 
5.39 
5.21 
5.48 


71.47 
73.79 
76.16 
80.04 


1.37 
1.41 
1.46 
L53 


16.67 
14.33 
11.93 
12.64 
































2 
.9 


5.83 
5.72 
5.55 
5.85 


7L93 
73.39 
75.72 
79.76 


1.31 
1.34 
1.38 
1.45 


15.72 
14.23 
11.87 
12.60 






1 
















V.W'.., ..'.'.'... \....... 



7,040 
7,270 
7,506 
7,885 

6,910 
7,065 
7,350 
7,855 

7,125 
7,270 
7,500 
7,895 

7.080 
7,145 
7,455 
7,030 



12,670 
13,090 
13,610 
14,200 

12,430 
12,710 
13,230 
14,140 

12,820 
13,080 
13,500 
14,220 

12,740 
12,860 
13,420 
14,270 
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T7TAH--Contmued. 
OABBOH OOmrTT— Cantinaed. 





Air- 
drying 
loss. 


Form 

.of 

uial- 
ysis. 


Proximate. 


Ultimate. 


Heating value. 


Lttbom- 
toryNo. 


ICols. 
ture. 


Vola. 
tile 

mat- 
ter. 


Fixed 
car- 
bon. 


Aah. 


Bui- 
phur. 

• 


dro- 
gen. 


Car- 
ban. 


Nitro- 
gen. 


Oxy- 
gen. 


Calc 
ries. 


Brit, 
ish 

ther- 
mal 

units. 


19682 


1.5 
1.8 
.7 
.7 
1.3 
2.6 
1.3 
2.2 
1.9 
1.0 
.9 
1.3 
2.2 
1.8 
2.4 


A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
I) 

A 

n 
c 
i> 

A 
B 

c 

D 

A 
B 

C 
I) 

A 
A 
C 

n 

A 
B 

(^ 

D 


4.4 
3.0 

4.0 
2.3 

4.7 
4 

4.0 
3.3 

3.7 
2.4 

4.8 
2.2 

3.8 
2.6 

5.0 
2.8 

4.6 
2.8 

3.3 
2.3 

3.0 
2.1 

3.6 
2.3 

4.6 
2.5 

4.1 
2.3 

4.4 

2.1 


44.1 
44.8 
46.1 
48.6 

41.1 
41.8 
42.8 
44.9 

41.3 
41.6 
43.4 
46.6 

45.7 
46.0 
47.6 
50.6 

42.8 
43.4 
44.4 
47.0 

40.3 
41.4 
42.3 
46.7 

44.7 
45.2 
46.4 
50.1 

41.8 
42.8 
44.0 
46.3 

42.3 
43.1 
44.3 
47.4 

42.5 
43.0 
44.0 
47.0 

43.5 
43.9 
44.8 
48.1 

45.6 
46.2 
47.3 
50.1 

43.3 
44.2 
45.4 
49.2 

41.3 
42.1 
43.1 
47.4 

42.9 
43.9 
44.9 
49.2 


46.6 
47.2 
48.7 
61.4 

50.5 
51.4 
62.6 
66.1 

47.6 
48.0 
49.9 
63.5 

44.7 
45.0 
46.5 
49.4 

48.2 
48.8 
50.1 
53.0 

45.9 
47.2 
48.3 
53.3 

44.4 
45.0 
46.2 
49.9 

48.4 
49.5 
51.0 
53.7 

46.9 
47.8 
49.2 
52.6 

48.0 
48.5 
49.6 
53.0 

46.9 
47.4 
48.4 
61.9 

45.4 
46.0 
47.1 
49.9 

44.6 
45^7 
46.8 
60.8 

45.9 
46.7 
47.8 
52.6 

44.3 
45.4 

46.3 
50.8 


4.04 
5.01 
6.17 


0.08 
.09 
.71 
.75 

.65 

.66 
.68 
.71 

.41 
.41 
.43 
.46 

.54 
.54 
.56 
.50 

.33 
.33 
.34 
.36 

.65 
.67 
.68 
.75 

.61 
.62 
.63 
.68 

.47 
.48 
.49 
.52 

.49 
.50 
.51 
.55 

.40 
.40 
.41 
.44 

.47 
.47 
.48 
.51 

.58 
.59 
.60 
.64 

.76 
.78 
.80 
.87 

.69 
.70 
.72 
.79 

.56 

.56 

.58 
.64 


6.64 
6.56 
6.39 
5.68 


72.34 
73.42 
76.68 
79.80 


1.20 
1.31 
1.35 
1.42 


15.11 
14.01 
11.70 
12.35 


7,125 
7,230 
7,455 
7,860 

7,250 
7,385 
7,555 
7,025 

7,015 
7,060 
7,360 
7,885 

7,176 
7,225 
7,475 
7,940 

7,325 
7,425 
7,605 
8,060 

6,945 
7,130 
7,290 
8,050 

7,195 
7,290 
7,480 
8,075 

7,255 
7,420 
7,636 
8,040 

7,150 
7,285 
7,495 
8,010 

7,260 
7,335 
7,505 
8,090 

7,290 
7,360 
7,520 
8,066 

7,410 
7,505 
7,685 
8,140 

7.066 
7,220 
7,400 
8,035 

6,990 
7,120 
7,285 
8,015 

7,050 
7,220 
7,3.S0 
8,090 


12,830 
13,020 
13,420 
14,150 

13,050 
13,290 


19710 


4.4 

4.5 
4.6 














. 








13,600 












14,260 

12,630 
12,710 


19702 


6.4 
6.4 
6.7 






























13,240 
14,190 












19706 


6.6 
6.7 
6.0 










12,920 












13,000 
13,460 
14,290 

13,190 
13,360 
13,690 
14,490 






















19843 


5.31 
5.38 
5.51 


6.78 
6.71 
5.58 
5.91 

5.61 
5.46 
5.33 
5.89 

5.88 
5.81 
5.68 
6.13 

5.76 
5.63 
5.48 

5.n 

6.72 
5.62 
5.46 
5.84 

5.60 
6.54 
5.41 
5.78 

5.67 
5.62 
5.50 
5.90 

6.06 
6.00 
5.87 
6.22 


73.94 
74.94 
76.78 
81.26 

69.62 
71.48 
73.11 
80.73 

71.86 
72.78 
74.71 
80.66 

73.10 
74.75 
76.93 
81.00 

71.80 
73.17 
75.24 
80.44 

73.22 
73.99 
75.72 
80.90 

73.26 
73.93 
75.56 
81.05 

74.33 
75.28 
77.07 
81.62 


1.26 
1.28 
1.31 
1.39 

1.35 
1.39 
1.42 
1.57 

1.39 
1.41 
1.45 
1.57 

1.38 
1.41 
1.45 
1.53 

1.37 
1.40 
1.44 
1.54 

1.35 
1.36 
1.40 
1.50 

1.41 
1.42 
1.45 
1.56 

1.42 
1.44 
1.47 
1.56 


13.38 
12.36 
10.48 
11.08 

13.78 
11.77 
10.02 
11.06 

13.17 
12.20 
10.16 
10.96 

14.52 
12.85 
10.63 
11.18 

14.46 
13.03 
10.89 
11.63 

13.24 
12.46 
10.66 
11.38 

12.63 
11.93 
10.23 
10.96 

12.23 

11.24 

9.41 

9.96 


19845 


8.99 
9.23 
9.44 


12,500 
I2,m 
13, 130 
14,490 

12, av) 

13, lat) 
13,470 
14,5i0 


10844 


7.09 
7.18 
7.37 


19846 


4.77 
4.88 
5.02 


13,060 
13,360 

14,470 


10847 


6.16 
6.28 
6.46 


12,870 
13,130 
13,490 
14,420 


198R0 


6.19 
6.25 
6.40 


13.060 

i3,aou 

13,310 
14.4.W 


19879 


6.57 
6.63 
6.78 


13,120 
13,210 
13,540 
14,520 


19881 


5.38 
5.45 
5.58 


13,340 
13, MO 
13,H40 
14,650 


19837 


7.5 
7.6 
7.8 


12,710 












12.990 












13,330 












14,460 


1983S 


8.7 
8.9 
9.1 










12. 5« 












12.H10 












13.110 












14,430 


19986 


8.43 
8.63 
8.82 


6.78 
6.65 
5.54 
6. as 


70.43 
72. 13 
73.70 
80.83 


1.42 
1.45 
1.49 
1.63 


13.39 

11.58 

9.87 

10.82 


12,6'10| 
13.U(« 
13.2*0 
14,6*10 
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T7TAH— Continued. 



OAXBOV OOVnT-CantlnowL 





Air- 

drying 

loss. 


Fonn 

of 
mibIo 
ysis. 


Proximate. 


intimate. 


HeatlngTalue. 


Labora- 
tory No. 


Mols- 
tare. 


Vola. 
tUe 

mat- 
ter. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phur. 


Hy- 
dro- 
gen. 


Car- 
bon. 


Nitro- 
gen. 


Oxy. 
gen. 


Calo. 
rles. 


Brit- 
ish 

ther- 
mal 

units. 


19987 


3.9 
2.8 
1.6 

2.8 


A 
B 
C 
D 

A 

fi 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 


6.0 
2.2 

4.9 
2.2 

3.8 
2.2 

4.9 
2.1 


42.9 
44.7 
45.7 
48.2 

42.2 
43.4 
44.4 

48.5 

46.7 
46.6 
47.6 
50.7 

42.8 
44.1 
45.1 
48.1 


46.2 
48.0 
49.1 
61.8 

44.7 
46.0 
47.0 
61.5 

44.5 
45.2 
46.2 
49.3 

46.2 
47.5 
48.5 
51.9 


4.93 
5.13 
5.26 


a85 

.88 
.90 
.95 

.39 
.40 
.41 
.45 

.36 
.37 
.37 
.39 

.41 
.42 
.43 
.46 


6.03 
6.^ 
6.70 
6.02 

6.71 
6.55 
5.44 
6.95 

6.88 
6.79 
6.67 
6.05 

6.80 
6.65 
6.53 
6.91 


71.80 
74.72 
76.30 
80.62 

7a 19 
72.17 
73.80 
8a 72 

73.12 
74.33 
75.99 
81.06 

71.80 
73.89 
75.50 
80.64 


1.52 
1.58 
1.62 
1.71 

1.36 
1.40 
1.43 
1.56 

1.35 
1.37 
1.40 
1.49 

1.37 
1.41 
1.44 
1.64 


14.87 
11.87 

iai4 
ia7o 

14.20 
12.10 
ia35 
11.32 

13.29 
12.04 
10.33 
11.02 

14.55 
12.38 
10.72 
11.45 


7,190 
7,485 
7,650 
8,075 

6,960 
7,160 
7,320 
8,005 

7,260 
7,380 
7,545 
8,050 

7,140 
7,345 
7,505 
8,015 


12,940 
13,470 
13,770 
14,540 

12,530 
12,890 
13,180 
14,410 

13,070 
13,290 
13,580 
14,490 

12,850 
13,220 
13,510 
14,430 


19990 


&15 
8.38 
8.57 


19988 


6.00 
6.10 
6.24 


19989 


6.07 
6.25 
6.38 







MOBQAH COUVTT. 



19799 
19800 


8.7 
6.4 


A 
B 
C 
D 

A 

B 
C 
B 


18.1 

ia3 

17.5 
11.9 


•27.4 
3a 
33.4 
43.7 

a27.8 
29.7 
33.7 
43.0 


35.3 
38.7 
43.1 
56.3 

36.9 
39.4 
44.7 
57.0 


19.23 
21.05 
23.47 

17.8 

19.0 

'21.6 


a63 
.69 
.77 

1.01 

.46 
.49 
.56 

.71 


5.28 
4.73 
3.99 
6.21 


47.47 
51.97 
57.93 
75.70 


a 81 
.89 
.99 

1.29 


26.58 
20.67 
12.85 
16.79 


4,540 
4,970 
6,545 
7,245 

4,755 
5,085 
5,770 
7,360 


8,180 

8,950 

9,980 

13,040 

8,560 
9,150 






















10,390 
13,250 























smnaT coxthty. 



20804 



20895 



0.2 



.4 



A 
B 
C 
D 

A 
B 
C 
D 



2.3 
2.1 



8.4 
8.0 



38.6 
38.6 
39.4 
44.0 

032.1 
32.2 
35.0 
41.6 



48.9 
49.1 

5ai 

56.0 

45.0 
45.2 
40.1 
58.4 



ia31 
ia33 
ia55 



14.54 
14.60 
15.86 



6.16 
6.17 
6.28 
6.90 

.52 
.52 
.57 
.68 



4.98 
4.97 
4.83 
6.40 

3.99 
3.96 
3.34 
3.97 



69.10 
69.24 
70.72 
79.06 

55.67 
55.90 
60.74 
72.19 



a99 

. 99 

LOl 

1.13 

.96 

.96 

1.05 

1.25 



9.46 
9.30 
7.61 
8.51 

24.32 
24.06 
18.44 
21.91 



6,970 
6,985 
7,135 
7,975 

4,930 
4,950 
5,380 
6,390 



12,550 
12,570 
12,840 
14,360 

8,870 

8,910 

9,680 

11,510 



vntaiNiA. 

BUCHAVAV COTTITTT. 



i9fla3 


3.2 


A 
B 
C 
D 


4.1 
.9 


31.7 
32.7 
33.1 
34.1 


61.2 
63.3 
63.8 
65.9 


2.98 
3.08 
3.11 


1.07 
1.11 
1.12 
1.16 


5.36 
5.17 
5.12 
5.28 


80.91 
83.58 
84.33 
87.04 


1.51 
1.56 
1.57 
1.62 


8.17 
5.50 
4.75 
4.90 


8,03.'> 
8,300 
8,375 
8,645 


19834 


2.7 


A 
B 
C 
D 


3.5 

.8 


31.9 
32.8 
33.1 
34.4 


60.9 
62.0 
63.0 
65.6 


3.73 
3.83 
3.87 


1.48 

1.52 
1.53 
1.59 


6.32 
5.16 
5.11 
5.32 


80.89 
83.14 
83.84 
87.22 


L53 
1.57 
1.59 
1.65 


7.05 
4.78 
4.06 
4.22 


7,995 

8,215 

•8,285 

8,620 


19735 


2.0 


A 

B 
C 
D 


3.4 
1.4 


28.2 
28.8 
29.2 
3L4 


61.4 
02.7 
63.6 
68.6 


6.98 
7.12 
7.23 


.67 
.68 
.69 
.74 


6.09 
4.97 
4.88 
5.26 


78.30 
79.90 
81.06 
87.37 


1.53 
1.56 
1.58 
L70 


7.43 
6.77 
4,56 
4.93 


7,670 
7,830 
7,940 
8,560 


19924 


1.7 


A 

B 
C 
D 


2.4 

.6 


19.5 
19.9 
2a 1 
23.2 


64.7 
65.8 
66.2 
76.8 


13.4 
13.7 
13.7 


.71 
.72 
.73 
.85 










7,310 
7,440 
7,490 
8,680 











































14,470 
14.940 
15,080 
15,560 

14,390 
14,790 
14,920 
15,520 

13,810 
14,090 
14,290 
15,410 

13,160 
13.390 
13,480 
15,630 



• Volatile matter determined by the modified ofBcial method. 
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VraaiNIA— ^ntinued. 

MONTOOIISBT OOXTHTY. 



Labora- 
tory No. 



19357 



19358 



22029 



22630 



22631 



19359 



19360 



1340? 



Air- 

drying 

loss. 



1.9 



LI 



.4 



.6 



.8 



2.2 



3.9 



.9 



Fonn 

of 
anal- 
ysis. 



A 

B 
C 
D 

A 
B 

D 

A 

B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 



Prazlznate. 



Ultimate. 



Mois- 
ture. 



2.5 

.7 



L9 
.8 



L6 
L2 



L9 
L4 



L8 
LI 



3.2 
LO 



4.7 

.8 



L7 
.7 



Vola- 
tile 
mat^ 
ter. 



12.4 
12.6 
12.7 
15.6 

12.3 
12.5 
12.6 
15.6 

12.3 
12.4 
12.5 
15.3 

13.5 
13.6 
13.8 
16.3 

1L8 
1L9 
12.0 
18.1 

1L4 
1L7 
11.8 
20.6 

1L5 
12.0 
12.0 
14.9 

9.4 

9.5 

9.5 

12.3 



Fixed 
car- 
bon. 



67.6 
68.8 
69.2 
84.5 

66.8 
67.5 
68.1 
84.4 

68.1 
68.4 
69.2 
84.7 

69.8 
70.2 
71.1 
83.7 

53.5 
53.9 
54.5 
8L9 

43.8 
44.8 
45.2 
79.4 

65.4 
68.0 
68.6 
85.1 

66.6 
67.3 
67.8 
87.7 



Ash. 



17.60 
17.93 
18.06 



18.97 
19.18 
19.33 


18.0 
18.0 
18.3 


14.8 
14.8 
15.1 


32.9 
33.1 
33.5 


41.59 
42.53 
42.08 


18.44 
19.18 
19.35 


22.82 
22.53 
22.70 



Sul- 
phur. 



0.51 
.52 
.52 
.63 

.67 
.68 
.68 
.84 

.47 
.47 
.48 

. Ov 

.63 
.63 
.64 
.75 

.33 
.33 
.34 
.51 

.33 
.34 
.34 
.60 

.56 
.58 
.69 
.73 

.71 
.72 
.72 
.93 



dro- 
gen. 



3.63 
3.48 
3.44 
4.20 

3.54 
3.46 
3.39 
4.20 



2.89 
2.70 
2.61 
4.58 

3.66 
3.36 
3.29 
4.08 

3.19 
3.12 
3.05 
3.95 



Car- 
bon. 



72.83 
74.21 
74.72 
9L19 

72.33 
73.13 
73.72 
9L38 



47.98 
49. d6 
49.59 
86.97 

70.19 
73.01 
73.64 
9L31 

69.24 
w9. tn) 
70.42 
9L10 



Nitro- 
gen. 



0.85 

.87 

-87 

LOO 

.85 

.86 

.87 

L08 



.78 

.80 

.81 

L42 

.87 

.90 

.91 

L13 

.81 

.82 

.82 

LOO 



Oxy- 
gen. 



4.58 
2.99 
2.39 
2.92 

3.64 
2.69 
2.01 
2.50 



6.43 
4.57 
3.67 
6.43 

6.28 
2.97 
2.22 
2.75 

3.73 
2.92 
2.29 
2.06 



Heating value. 



Calo- 
ries. 



6,865 
6,005 
7,045 
8,600 

6,755 
6,830 
6,885 
8,535 

6,855 
6,885 
6,070 
8,525 

7,080 
7,100 
7,200 
8,476 

5,430 
5,470 
5,530 
8,315 

4,455 
4,560 
4,605 
8,080 

6,570 
6,835 
6,800 
8,545 

6,430 
6,400 
6,535 
8,455 



PULASKI OOXnffTT. 



Brit- 
ish 

thcr- 
mnl 

units. 



12,360 
12,600 
12,680 
15,480 

12.160 

12,290 
12,390 
15,360 

12,340 
12,400 
12,540 
15,340 

12,710 
12,780 
12,960 
15,260 

9,780 

9,8.'0 

9,960 

14,970 

8,020 

8,200 

8,290 

14, WO 

11,&M) 
12,300 
12,410 
15.380 

11,570 
11,680 
11,770 
15,220 



19431F 
20?i2 


1.4 
1.9 


A 
B 
C 
D 

A 

B 
C 
D 


2.4 
.9 

2.5 
.6 


11.6 
11.8 
1L9 
15.5 

10.8 
11.0 
11.1 
14.6 


63.3 
64.2 
64.8 
84.5 

63.1 
64.3 
64.7 
85.4 


22.73 
23.06 
23.28 

23.6 
24.1 
24.2 


0.67 
.68 
.60 
.00 

.41 
.43 
.42 
.55 


3.37 
3.26 
3.10 
4.16 




67.26 
68.24 
68.80 
89.79 


0.75 
.76 
.77 

1.00 


5.22 
4.00 
3.18 
4.15 


6,285 
6,375 
6,485 
8,300 

6,250 
6.365 
6,405 
8,456 


11,310 
11.470 
11.590 
15,100 

11,250 










11,460 




*••■**•!'*•"■•• 






11,530 










15,220 




■ 



















RUSSELL COXTHTY. 












19484 


0.8 
1.8 
3.5 
1.1 


A 

B 
C 
D 

A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 


2.1 
1.3 

3.2 
1.4 

4.7 
1.2 

2.5 
1.4 


32.4 
32.6 
33.1 
35.5 

33.1 
33.7 
34.2 
36.4 

30.8 
SL9 
82.3 
34.1 

84.3 
34.5 
85.1 
40.3 


58.7 
59.2 
60.0 
64.5 

57.7 
58.8 
50.6 
63.6 

50.4 
6L6 
62.3 
65.0 

50.7 
51.3 
52.0 
50.7 


6.8 
6.0 
6.0 

6.0 
6.1 
6.2 

5.14 
5.33 
5.30 

12.6 
12.8 
12.0 


1.01 
1.02 
1.03 
Lll 

.06 

.08 

.00 

LOO 

.06 
LOO 
LOl 
L07 

.04 

.05 

.06 

1.10 
























































1952S 


















. 






































22345 
22346 


5.43 
5.22 
5.15 
5.44 


78.33 
81.18 
82.17 
86.85 


L40 
1.45 
1.47 
1.55 


8.74 
5.82 
4.81 
5.00 


7,760 
8,040 
8.140 
8,600 

7,140 
7,215 
7.320 
8,410 


13,960 
14,470 
14 650 
15,480 

12,850 




1 






12,990 




1 






13.170 




1 






16,140 




1 
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VntaiNIA— Continued. 

WBS OOTJVTT. 





Air- 
drying 
loss. 


Form 

of 
anal- 
ysis. 




Ultimate. 


Heating value. 


Labora- 
tory No. 


Mois- 
ture. 


Vda- 
tfle 
mat- 
ter. 


Fixed 
car- 
bon. 

• 


Ash. 


Sul- 
pbor. 


dro- 
gem. 


Car- 
bon. 


Nltro- 
gm. 


Oxy- 
gen. 


Oalo- 
ries. 


Brit- 
ish 
ther- 
mal 
units. 


22277 


L4 
1.3 
1.1 

L3 


A 
B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 

A 

B 
C 
D 


3.0 
L6 

2.9 
L6 

2.7 
1.6 

2.9 
L6 


35.9 
36.4 
37.0 
39.3 

86.1 
36.6 
37.2 
39.2 

36.3 
36.8 
37.3 
40.0 

36.1 
36.6 
87.2 
39.6 


55.5 
56.8 
67.2 
60.7 

56.2 
56.9 
57.9 
60.8 

54.5 
55.1 
56.0 
60.0 

55.4 
56.1 
57.0 
60.5 


5.6 
5.7 
5.8 


0.78 
.79 
.80 
.85 










7,760 
7,875 
8,000 
8,490 

7,810 
7,916 
8,045 
8,460 

7,600 
7,780 
7,905 
8,470 

7,765 
7,855 
7,980 
8,470 


13,070 
14,170 






















14,400 
15,280 

14.060 
14,260 
14,480 








1 


22278 


4.8 
4.9 
4.9 


.94 

.95 

.97 

L02 

L37 
L39 
L41 

1.51 

L05 
1.06 
1.08 
1.15 








































16,230 
13.850 


22?7« 


6.5 
6.5 
6.7 




















14,000 
14,230 
15,250 

13.960 
14,140 
14,370 
15,240 






















22280 


5.61 
5.68 
5.77 


5.49 
5.42 
5.32 
5.66 


78.17 
79.19 
80.40 
85.38 


1.67 

Leo 

1.72 
1.83 


8.01 
6.96 
6.65 
5.99 







WTTES OOUHTY. 



5.2 


A 


6.1 


ILl 


49.7 


33.1 


0.32 




B 


1.0 


11.8 


52.4 


34.8 


.34 




C 




11.9 


62.9 


35.2 


.34 




D 


« 


18.3 


81.7 




.52 



'4.976 
6,246 
6,300 
8,175 



8,960 

9,440 

9,840 

14,720 



WA8HINOTON. 
WHATOOX ooinrTT. 



1U722 
19723 


2.6 
3.2 
4.7 
3.6 
7.4 


A 

B 
C 
D 

A 

B 
C 
D 

A 

B 

r 

D 

A 
B 
C 
D 

A 

U 
C 
I) 


4.4 

L8 

5.5 
2.4 

5.8 
1.2 

4.3 

.7 

10.7 
3.6 


7.4 
7.7 
7.8 
8.9 

6.9 

7.1 
7.3 
8.1 

8.1 
8.6 
8.6 
9.6 

9.0 

9.3 

9.4 

10.4 

13.1 
14.1 
14.6 
16.0 


76.0 
78.0 
70.4 
9L1 

77.7 
80.3 
82.2 
9L9 

77.1 
80.8 
81.8 
90.4 

77.2 
80.1 
80.7 
89.6 

68.8 
74.3 
77.0 
84.0 


12.23 
12.66 
12.79 

9.9 
10.2 
10.6 

9.0 
9.4 
9.6 

9.6 
9.9 
9.9 

7.4 
8.0 
8.4 


0.96 

. w 

LOO 

1.15 

1.02 
L05 
1.08 
L21 

.91 

.96 

.97 

L07 

LOO 
LIO 
LU 
L23 

.94 
1.02 
1.05 

1.15 


2.97 
2.76 
2.60 
2.98 


77.76 
79.79 
81.30 
03.23 


0.98 
1.01 
1.02 
1.17 


6.11 
2.90 
1.29 
1.47 


6,995 
7,180 
7,315 
8,390 

7,116 
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30.4 

34.8 
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55.5 
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.88 
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7.65 
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5.33 
5.25 
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76.84 
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84.51 


1.48 
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1.52 
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15,100 


21802 


6.0 
6.1 
6.2 


13,800 












14.010 












14.250 












15,190 















HICHOI.AS coinrrT. 



21810 



21820 



4.4 



3.2 



A 
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A 

B 
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4.5 
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32.8 
34.4 
34.8 
36.7 

33.7 
34.8 
35.3 
37.3 



56.6 
50.2 
60.0 
63.3 

56.7 
58.6 
50.4 
J2.7 



4.86 
5.00 
5.15 



5.11 
5.28 
5.35 



1.42 
1.40 
1.51 
1.50 



.06 

.07 

1.02 



5.77 
5.53 
5.44 
5.74 

5.87 
5.69 
5.63 
5.05 



76.08 
70.62 
80.70 
85.06 

76.18 

78.73 
79.81 
81.32 



1.60 
1.67 
1.70 
1.70 

1.62 
1.67 
1.70 
1.80 



10.27 
6.60 
5.50 
5.80 

10.20 
7.67 
6.54 
6.01 



7,565 
7,915 
8,025 
8,400 

7,675 
7,030 
8,040 
8,!95 



13,630 
14.250 

14,440' 
15,230 

13,820 
U,2iC 
14.470 
15,290 
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Aeknowtodgmeiitsforaid 217 

Adams, OhiOf log of well In 238 

Allegheny formatioD, character and poaitioo 

'of 220,222 

ooalbedsln 235 

AIluTiom, distrlbutioo of, in the Basin 

oU and gas field, Wyo 174-176 

Ames limestone, character and position of. . . 221 

Analyses, ooal, misoellanooos 251-370 

8te oito under SUUe names, 

AnthfBdte, definition of 254 

Anticlinal theory of oil and gas pools, illus- 

trationsof 220,245-247 

Aroo Oil Co., gas well drilled by 89,02 

Ash in ooal, aocoiacy of field determinations 

of 12 

apparatus for determining, description of. 1-^ 

platesshowing 2,6 

method of determining 6-11 

weighing of sample for determining, plate 

showing 6 

Asphalt, occ ur re n ce of, in the Loco gas field, 

Okla 31,32,37-^ 

seeps of, near Wichita Moontalos, Okla.. 80-82 

B. 

Balance, pocket, description of 3 

pocket, operation of 6 

Barnes, B. A., acknowledgment to 43 

Bamesrille, Ohio, location of 233 

pool, source of oil and gas in 239-240 

Bamhart & Maitland, oil wells drilled by ... . 89 

Barthel blast lamp, description of 3-5 

operation of 5-6 

Baain oil and gas field, Wyo. , climate of 164 

development of 162-163 

foJdshi 176-178 

gas fai, character of 184-186 

production of 186 

geologic map of 178 

oil fai, character of 181-184 

occurrence of 178-181 

production of 186 

rocks of, earlier classifications of 166 

stratigraphy of 16&-175 

structure of 175-178 

surlGtce features of 163-164 

topographic map of 188 

water supply of 165-166 

wells drilled in 186-180 

Bearpaw formation, occurrence of, in the 

Porcupine dome, Mont 66 

Berea sand, character of 230-240,241 

Oiloontentof 223,234-225,227-228 

position of 223 , 

224-225, 227-228, 237-238, 230-240, 241 

salt water fai 220,245-246 

search for new oil pools in 23(V-231, 247-240 
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Berea sand and Pittsburgh ooal, interval 

between 243 

Big Horn Oil A Gas Co., acknowledgment to.. 158 
Big Ii^un sand, character and position of. . 240, 241 

position and oil content of 223,225 

salt water hi 220-230,246 

Big lime. 5«eMaxvlUe limestone. 

Big lime sand, character of 210,242 

positionandoiloontentof.. 223,225-226,210,242 
Birch Creek, Mont., sections of ooal-bearing 

rockson 131-136 

Bituminous ooal, definition of 255 

Blackfeet ooal field, Mont., description of . . 148-153 
Blackfeet Indian Reservation. See Teton 
County, Mont. 

Bonanxaapring, Wyo., discovery of oil in 162 

Bonine. C. A., Anticlines in the Clinton sand 
near Wooster, Wayne County, 

Ohio 87-08 

work of. 2J7 

Bowen, C. F., Possibilities of oil in the Por- 
cupine dome. Rosebud County, 

Mont 01-70 

Browning, Mont., situation of ng 

Buell Run sand, position and oil content of. 228 

Bureau of Mines, analyses of coal by 251 

Burtner, James, acknowledgment to 88 

C. 

California, oil in. See Cuyama. 
Cambridge limestone, character and position 

of 220-221 

Carter Oil Co., acknowledgments to 217, 233 

Champion Oil Co., acknowledgment to 158 

Claggett formation, oocurrenoe of, in the Por- 
cupine dome, Mcmt 65 

« Clinton" formation, anticlines in, near 

Wooster, Ohio 87-08 

Cloverly formation, character of, in the Basin 

(Wyo.) oil and gas field 167,168 

Coal, analyses of, forms of 253 

analyses of, miscellaneous 251-370 

See aleo under State names. 

changes in, after leaving mine 252-253 

classification of 254-256 

determination of ash in 1-12 

sampling of 252 

Cody shale, character of, in the Basin oil and 

gas field, Wyo 167, 171-173 

Collier, W. J., acknowledgment to 31 

Colorado, Elbert County, analysis of coal 

from 320 

Elbert County, coal bed sampled in 256 

La Plata County, analysis of coal from. . 329 

ooal bed sampled in 256 

Montesuma County, analyses of coals 

from 320 

coal beds sampled in 256 
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Colorado formation, occurrence of, In the Por- 
cupine dome, Mcnt 65 

Columbia Chemical Co., oil wells drilled hy. . 89,92 
Condit, D. Dale, Structure of the Berea oil 
sand in the Summerfleld quad- 
rangle, Ouenuey, Noble, and 

Monroe counties, Ohio 217-231 

Structure of the Berea oil sand in the 
Woodsfleld quadrangle, Belmont, 
Monroe. Noble, and Ouemsey 

counties, Obia 233-249 

Conemaugh formation, character of 220 

content of 235 

Contour lines, interpretation of 22, 36, 

45-46,65-^7,75 

Cow Run sand, oU from 342-243 

position of 239 

Cnuy Oil A Oas Co., drilling by 53 

Cut Bank Creek, Mont., coal beds on 140-143 

Cuyama formation, occurrence of, in the 

Cuyama Valley, Cal 204 

Cuyama Valley, Cal., conditions of sedimen- 
tation fa 195-196 

geography of 193-195 

geologic map of 194 

geologic sections across 208 

lithologic variations of formations fa, 

table showing 196 

location of 191 

petroleum fa 209-215 

previous reports on 191-192 

stratigraphy of 196-205 

structure of 205-208 

wells drilled in 214-215 

D. 

Darton, N. H., on the Cloverly formation ... 168 
Doyle, W. A., Oil Co., acknowledgment to. . no 
Duncan gas field, Okla., gas in, analy^ of. . . 49-50 

gas in, occurrence of 47-49 

location of 23-24,43 

logs of wells in 46 

map of 44 

oil to 47-49 

stratigraphy of 44-45 

structure of. 46-47 

topography of ". 44 

E. 

Eldridge, 0. H., on the stratigraphy of the 

Bighorn Basfa i(3G 

Eloctra oil field, Tex., oil-bearing formation 

of 114-115 

English, Walter A., Geology and oil pros- 
pects of Cuyama Valley, Cal. . . 191-215 

Evans, Henry C, work of 160 

F. 

Fisher, C. A., on the first gas well near Basfa, 

Wyo 158 

on stratigraphy of Bighorn Basfa, Wyo. . 166 
Folds, occurrence of, in the Summerfleld 

quadrangle, Ohio 228 

Fort Sill Military Reservation, Okla., oil and 

gastoornear 80-84 

Fon Union formation, occurrence of, fa the 

Basfa oil and gas field, Wyo 174 
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FoasUs, oocmrenoe of, fa Permian beds 45 

occurrenoeof,fa Teton Covuity, Moot... 127,128 
fa the Basfa oil aod gas lleldf 

Wyo 160,172-173,173-147 

Frauds, C. K., analyses of Healdtoa oils by. . 26 
Frootler formation, diaracter of, In the Basfa 

oU and gas field, Wyo 107,169-171 

O. 
Oas, fadon controlling the aociimtilation of. . 66-i% 
See aim namet cffUlds or toeaUtie*. 

Gordon, Wallace, work of 191 

Goshen, Ohio, log of well fa 238 

Gotebo oil and gas fiekl, OUa., wells in 85 

Greybull Oil Co. , acknowledgmen t to 158 

Greybull sand, contours on, in the Basfa 

oil and gas field, Wyo 175-i:C 

H. 

Hardeman County, Tex., map of part of 112 

Hardwick . J. W. , acknowledgment to 233 

Heald, Kenneth C, Wegemann, CarroU H., 
and, The Heakiton oil field. Carter 

County, Okla U-30 

Healdton oil field, Okla., discovery and de- 
scription of 13-14 

future development in 28-30 

gas fa, occurrence of 24-26 

geologic history of 20-21 

logs of wells fa 16 

map of 14 

oil fa, occurrence of. 24-26 

source of 26-2S 

stereogram of 22 

stratigraphy of 14-20 

structure of 22-24 

Hewett, D. F., on the stratigraphy of the 

Bighorn Basfa, Wyo 1«> 

Hightower , M. M. , acknowledgment to 31 

Holland, W. M., acknowledgment to ^ 

Howell, Ralph W., work of. 31,43, 110 

Wegemann, Carroll H., and. The Lawton 

oil and gas field, Okla 71-H5 

Hutchison, L. L., on the early history of the 

Lawton oil and gas fieki, Okla. . . 78-n> 

I. 

Idaho, coal fa. See Orolfaa 

lUfaois, cooperation by 251 

J. 

Johnson, A. M., acknowledgment to 1^ 

Judith River formation, occurrence of, fa the 

Porcupfae dome, Mont A'V^ 

K. 

Keener sand, character and position of 240, 2t2 

position and oil content of 223,22.) 

.salt water in 2*» 

Kootenai formation, occurrence of, fa the 

Porcupine dome, Mont 64-^ 

Kyle Mottntafa, Tex., structure of ^' 

L. 

Lamb, Homer T. , acknowledgment to ^'^ 

Lamb anticline, Wyo., C. W. Washbume 

on 159-1<W 

description of 1^ 

oilandgasin I'JO-ISI 
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Lance fwmatlon, oecurreiice of, in the Basin 

oil and gas field, Wyo 174 

occurrence of, in the Porcapine dome, 

Hont M 

Landslide Butte, Mont., coal near 144-145 

Land soireys in the Basin oil and gas field, 

Wyo 161-162 

l^ttasburg gas pool, Ohio, geologic structure 

in 96 

location of 88-89 

Lawtan oil and gas fleldi Okla., gas in, analy- 
sis of 78 

gas in.occurmaoe of 75-76 

origin of 76-78 

history of. 71,78-79 

logs of wells in 76 

map of 74 

oil in, occurrence of. 75-76 

origin of 76-78 

prospecting in.. 78-80 

stratigraphy of 7^-73 

structure of. 73-74 

topography of 71 

LeGrande, R.V., operations of 32 

I>e5her, C. E., Field apparatus for determin- 

ingashincoal 1-12 

Lewisville, Ohio, pool near, source of oil in. . . 240 

Lignite, definition of. 256 

Loco gas field, Okla., asphalt in 31,32,37-39 

development of 31-32 

gas in, analyses of 41-42 

origin of 41 

location of 23-24,31,32 

logs of wells in 36 

map of 32 

oil in, origin of. 41 

stratigraphy of 33-36 

structure of. 37-40 

topography of 33 

Lower Pittsburgh limestone, character and 

position of. 221 

Lupton, Charles T., Oil and gas near Basin, 

Big Horn County, Wyo 157-190 

The Oroflno coal field, Clearwater, Lewis, 

and Idaho counties, Idaho 99-108 

M. 

Macksburg 500-foot sand, position and oil 

contentof 226 

McQueen Bros. , acknowledgment to 31 

Mahoning sandstone, position and oil con- 
tent of 220,226 

Maitland, B. K., acknowledgment to 88 

Malaga Townsh ip, Ohk>, log of well in 239 

Massey, Millard, work of 160 

Maxton sand, oil In 242 

Max viUe 1 imestone , occurrence of 235 

position of 219,222 

Medicine Mounds, Tex. , structure near 114-1 15 

Meigs Creek coal, distribution of 222 

position of 237 

Mesaverde formation, character of, in the 

Basin oil and gas field, Wyo. . . 173-174 

Mills, R. V. A., work of 217,233 

Mineral Wells, Tex. , water supply at 59 

Missouri, cooperation by 251 
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Monongahela formation, character of 220 

contentof 235-236 

Montana, Chouteau County, analyses of coals 

from ; 329 

Chouteau County, coal beds sampled in. 257 
Dawson County, analysis of coal from . . . 330 

coal bed sampled in 257 

Fallon County, analjrses of coals from 330 

coal beds sampled in 257 

Fergus County, analysis of coal from 330 

coal bed sampled in 258 

Musselshell County, analyses of coiUs from 330 

coal beds sampled in 258 

oil in. See Porcupine dome. 
Teton County and adjacent regions, 

analyses of coals from 138 

Monterey group, occurrence of, in the Cuyama 

Valley,Cal 198-202 

Mowry shale, character of, in the Basin 

oil and gas field, Wyo 167,169 

Murphy Bros., gas wellsdrilled by 89 

N. 

New Mexico, McKinley County, analyses of 

ooalsfrom 330-332 

McKinley County, coal beds sampled 

in 258-261 

Socorro County, analysis of coal from 332 

coal bed sampled in 261 

Nippon Oil Co., drilling by 32 

North Dakota, Morton County, analyses of 

coalsfrom 332 

Morton County, coal beds sampled in. 261-262 

O. 

Odenkirk, H. B., acknowledgment to 88 

Ohio, Belmont County, analyses of coals 

from 332-333 

Belmont County, coal beds sampled in. 262-264 

eastern, section of formations in 219 

Guernsey County, analyses of coals 

from 333-334 

coal beds sampled in 264-265 

Jefferson County , analyses of coals from . . 334 

coal beds sampled in 266 

Monroe County, analysis of coal trom 334 

coal bed sampled in 266 

Noble County, analyses of coals from 335 

coal beds sampled in 266-267 

oil and gas in. See Summerfleld; Woods- 
field; Wooster. 
Ohio Fuel Supply Co., acknowledgments 

to 88,217,233 

Oil, factors controlling the accumulation of. . 66-68 
hi eastern Ohio and adjacent States, pub- 
lications on 231,249 

See also names of fields or localities. 

Oklahoma, cooperation by 31, 43 

Craig County, analyses of coals from 335 

coal beds sampled in 267 

gas in. See Duncan; Lawton; Loco, 
oil in. See Healdton; Lawton. 

Rogers County, analyses of coals from 335 

coal beds sampled in 267 

Tulsa County, analyses of coals from 336 

coal beds sampled in 268 
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Oklahoma, Wagoner County, analysis of coal 

from 336 

ooal bed sampled In 268 

Oklahoma Diamond Oil & O'as Co., acknowl- 

edgmentto 31 

operations of 33 

Oregon, Coos Coonty, analyses of coals from. . 336 

Coos County, coal bed sampled in 368 

Oroflno coal field, Idaho, ooal in, character 

of 104-105 

general features of 90-101 

geology of 101-104 

prospects in 105-108 

P. 

Palo Pinto County, Tex., development in 52^63 

gas In, occurrence of 63-63,58-^ 

oil in, occurrence of 53-53,68-^ 

stratigraphy of 64^55 

structure of 57-58 

topography of 53-54 

Peay Hill anticline, Wya , position of 177 

Peeker sand, position and oil content of 226 

* Pennsylvania, Somerset County, analyses of 

coalsfrom 336 

Somerset County, coal beds sampled in. 368-260 

Permian "Red Beds," deposition of 14-16 

erosion of 16-17 

fossils (Tom 19 

Petroleum. 8u Oil. 

Pittsburgh coal, distribution of 322 

position of 227-228,236-237 

Pittsburgh ooal and Berea sand, interval 

between 243 

Porcupine don e, Mont., gas in, possIbiUtiesof 68-70 

geology of 62-66 

map of 62,66 

oil hi, possibilities of 68-70 

Porosity, influence of, on the collection of oil 

and gas 245-247 

Pottsville formation, position of 219,222 

Pure Oil Co., acknowledgments to 217, 233 

Q. 
Quanah, Hardeman County, Tex., area near, 

fleldworkin 112 

area near, occurrences of oil in 110 

possibilities of oil and gas in 114-115 

stratigraphy of 110 

structure of 113-114 

R. 
Redding No. 1 Kadle well, gas from, analyses 

of 78 

Reeves, Frank, work of 217,233 

Rtan, The, Teton County, Mont., coal at top 

of 143-144 

RuflieU,I.C., on Oroflno ooal field, Idaho.... 101, 

103,106-107 
on section in Little Canyon, near Russell, 

Idaho 108 

on section on Clearwater River, below 

Oroflno, Idaho 107 

8. 

81. Mary River formation, coal in 145-147 

disUlbation and character of, In northern 

Teton County, Mont 127-128 
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Salt sand, oil in 343 

Santa Margsrita formation, occurrence of, in 

the Cnyama VaUey, Gal TKO-'StA 

Bchriver gas pool, Ohio, location of 248 

source of gas in 339-240 

Second Cow Run sand, position and oil oon- 

tentof. 23^224,226 

Semianthracite coal, definition of 254 

Semibituminous coal, definition of. 255 

Seneca, Ohio, log of well in 

Senecaville, Ohio, log of well in 

Shreve gas pool, Ohio, geologlcstructure in . . 

location of 

Stebinger, Eugene, Geology and coal resources 
of northern Teton County, 

Mont 117-156 

Stephens County Oil it Development Co., ac- 
knowledgment to 44 

S tructur al map, method of preparing 237- 

328,243-344 

Subbltumlnons ooal, definition oL 355 

Summerfield, Ohio, log of well near 323 

"Summerfield" limestone. 8u Lower Pitts- 
burgh limestone. 
Summerfleld quadrangle, Ohio, term map 

of In pocket. 

geography of 318-219 

map of, showing oil and gw pools In pocket. 

publicatfcms on 231 

oil hi, quality of 331 

search for new oil pools in 330-331 

stratigraphy of 210-239 

structure oL 226-230 

T. 

Tar Springs Refining Co., operations of 31-^3 

Temperanceville pool, Ohio, source of oil and 

gasin 239-240 

Tennessee, Anderson County , analyses of coals 

from 337-338 

Anderson County, coal beds sampled 

in 200-273 

Bledsoe County, analyses of coals from... 339 

coal bed sampled hi 273 

Campbell County, analyses of coals from 330-^348 

coal beds sampled in 273-288 

Claiborne County, analyses of coals from 34S-352 

coal beds sampled in 288-296 

cooperation by 251 

Fentress County, analyses of coals from. 353 

coal beds sampled in 396-297 

Grundy County, analyses of coals from 353-354 

coal beds sampled in 297-299 

Hamilton County, analyses of coals 

from 354-355 

ooal beds sampled in 299-301 

Marion County, analyses of coals from.. 355-357 

coal beds sampled In 301-304 

Morgan County, analyses of coals from. 357-361 

coal beds sampled tai 304-311 

Overton County, analyses of coals from. . 361 

coal beds sampled in 311-812 

Putnam County, analysis of coal from. . 361 

coal bed sampled in 312 

Rhea County, analyses of coals from. . 361-363 

coal beds sampled in 313-313 

Roane County, analyses of coals from.. . . 363 
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TcnxiesBefl, RoaiM Comity, coal bedB aunpled 

tn 313-314 

Soott County, amlyaes of coals from. . . 362-364 

ooalbedsnmpledin 314-317 

Seqmtchie County, analyses of ooals from 364 

coal bed sampled In 317 

White County, analyses of coab from.. 364-365 

coal beds sampled in 318-319 

Terrace gravel, distribution of, in the Basin 

oil and gBS field, Wyo 174 

Tvton County, Mont., Dorth«n part of, coal 

in 130-156 

drainage of 122 

field work on 119-120 

geologic map and sections of 128 

map showing coal resources and sectloos 

In 156 

minor occ ur re n ce s of coal in 153-156 

stratigraphy of 123-128 

structure of 128-129 

topography of 120-122 

Teocas, gas in. Set Palo Pinto County, 
oil hi. 5ee Palo Pinto County; Quanah. 

Texas & Pacific Coal Co., operations of 52 

ThermopoUs shale, character of, in the Basin 

oil and gas field, Wyo 167,168 

Torchli^t dome, Wya, C. W. Waahbume 

on 150 

description of 176-177 

oflhi 178-180 

Tondilight Drilling & HhUng Assodaticn, 

well Na 2 of, description of 169 

Two Medicine Creek, Mont., coal beds on 140 

Two Medicine formation, distribution and 
character of, in northern Teton 

Caunty,Mont 128-127 

small ooal beds in 140-145 

U. 

Union Oas dc Oil Co., well of, description of. 150-160 

Unlontown coal, position of 237 

Upper Freeport coal, position of 220 

Utah, Carbon County, analyses of coals 

from 365-^7 

Carbon County, ooal beds sampled in.. 319-323 
Morgan County, analyses of coals from. . . 367 

ooal beds sampled in 323 

Summit County, analyses of ooals from . . 367 
coal beds sampled in 323 

V. 

Valier, Mont., coal field near 130-140 

situation of 118 

Vananda, Mont.,logofwellat 62,64 

Virgelle sandstone, coal beds above 144 

Virginia, Buchanan County, analyses of coals 

from 367 

ooal beds sampled in 323-324 

cooperation by 251 

Montgomery County, analyses of coals 

from 368 

coal beds sampled in 324-325 

Pulaski County, analyses of coals from. . . 368 
coal beds sampled in 325-326 

Russell County, analyses of coals from ... 368 
coal beds sampled in 326 

Wise County, analyses of coals from 309 

ooal bed sampled in 325-327 
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Virginla,WytheCounty,analyBisofooalfrom. 369 

coal bed sampled in 327 

W. 

Walker, W. L., acknowledgment to. 158 

on oil in the Creybull sand 180 

Washbume, C. W., on the Lamb anticline. 150-160 
on the stratigraphy of the Bighorn Basin . 166 

on the Torchlight dome 150 

Washington, Grande Ronde River, lignite 

ftam, analysis of 105 

WhatoomCounty,analysesof coals from. 869 

coal bed sampled in 327-328 

Washington ooal, position of 237 

Washington formation, character of 220 

content of 236 

Washita Oas &. Fuel Co. , acknowledgment to. 31, 44 

Waynesburg ooal, position of 237 

Wegemann, Carroll H., A reconnalssanoe for 
oil near Quanah, Hardeman 

County, Tex 109-115 

A reoonnaisnnoe in Palo Pinto County, 
Tex., with special reference to 

oilandgas 51-59 

The Duncan gas field, Stephens County, 

Okla 43-50 

The Loco gas field, Stephens and Jefferson 

counties, Okla. 31-42 

and Heald, Kenneth C, The Healdton 

oil field. Carter County, Okla.... 13-30 
and Howell, Ralph, The Lawton oil and 

gasfieldfOkla 71-«5 

Well logs, accuracy of 21-22 

West Virginia, Clay County, analyses of ooals 

from 370 

Clay County, ooal bed sampled in 328 

Nicholas County, analyses of ooals from. . 370 

ooal beds sampled in 328 

Wheeler oil field, location of 24 

Whitaker, M. C, analyses of Healdton oils by. 26 

White, David, fossils detemUned by 19 

Wichita Mountains, Okla., asphalt seeps and 

occurrences of oil and gas near. . . 80-84 

geology of 72 

Williams, G. Y., analyses of Healdton oils by 26 

Woodring, Wendell P., work of 160 

Woodsfield, Ohio, Berea grit pool near, source 

of oil and gas in 239-240 

location of 234 

Woodsfield quadrangle, Ohio, turn map 

of In pocket. 

geography of 233-234 

map of, showing ofl and gas pools... In pocket. 

oil and gas in 239-2(3 

oil from, quality of 249 

stratigraphy of 234-243 

structure of 243-247 

Wooster, oil and gas field, Ohio, development 

in 89-4K) 

field work on 90 

geologic formations in 90-95 

location of 88-80 

logs of wells in 92-93 

map of 96 

prospecting in, suggestions for 97-98 

structure of 95-96 

Wyoming, oil and gas in. 8u Basin. 



O 



1r 



i 



\ 



1 I 



I 




/ 



r 



i 



\ 



I 



1 

\ ■ 



' I 



' . \\ 





I: 



J 



i: 



I, 




mjjBl lARTM SCIWCES UORAW 



a bios 001 isa bon 



/ 






55t)-t. 
a 5? 



\ 



» ' . ! 6 SO 



MAA^aaa^ 



1)96 



DMEDUE 



J_.. 



3) 




C » 



STANFORD UNIVERSITY UBRARIES 
STANFORD, CAUFORNIA 943054004 




